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C H A F T E R  1 
INTRODUCTION
My p e r s o n a l  i n t e r e s t  in  th e  f ib r in o ly t ic  e n z y m e  s y s te m ,  
in i t ia l ly  a r o u s e d  by D r ,  A .S .  D ouglas in  th e  U n iv e r s i ty  
D e p a r tm e n t  of M e d ic in e ,  G lasgow  R oyal I n f i r m a r y ,  w as 
f o s t e r e d  by the  o p p o r tu n ity  of w o rk in g  in  the  E n zy m o lo g y  
D iv is io n  of the  D e p a r tm e n t  of M ed ic in e , W ash in g to n  
U n iv e r s i ty  School of M e d ic in e ,  St* L o u is ,  M is s o u r i ,  
du r in g  m y te n u re  of a  H a r k n e s s  F e l lo w sh ip  of the  
C o m m o n w ea lth  F u n d .  A t th e  t im e  of m y a r r i v a l  in  St* 
L o u is  i t  h a d  r e c e n t ly  b e e n  show n th a t  the  sy n th e t ic  am in o  
a c id  e p s i lo n  a m in o c a p ro ic  a c id  (EACA) w as  a  p o te n t 
in h ib i to r  of f ib r in o ly t ic  a c t iv i ty ,  and  m y r e s e a r c h  p r o je c t  
w h ile  in  S t.  L o u is ,  the  s tudy  of EA CA , is  th e  su b je c t  of 
th is  t h e s i s .  In  v iew  of the  p o te n t ia l  u s e s  of EA CA  in  
th e  t r e a tm e n t  of f ib r in o ly t ic  s t a t e s ,  w hich  m a y  c a u se  
a  s e v e r e ,  and  s o m e t im e s  f a ta l  d e fec t  of h a e m o s ta s i s ,  
know ledge abou t th e  a b s o rp t io n ,  d is t r ib u t io n  and  e x c re t io n  
of EACA w as  n e c e s s a r y ,  bu t th e  a p p r o p r ia te  in v e s t ig a t io n s  
w e re  h a m p e r e d  by the  l a c k  of a  su i ta b le  a s s a y  s y s t e m .
T h e  e x p e r im e n ta l  s e c t io n  of the  th e s i s  opens  w ith  an  
ac co u n t  of the  d e v e lo p m e n t of a  s im p le  a s s a y  s y s t e m  f o r  
EACA in  b io lo g ica l  f lu id s ,  u s in g  ion  exchange  r e s i n  lo a d ed  
p a p e r  c h ro m a to g ra p h y .  The m e th o d  w as  a p p l ie d  to  the  
s tudy  of the  a b s o rp t io n ,  d is t r ib u t io n  and  e x c r e t io n  of 
EA C A /
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EACA in  m a n .  I t  i s  show n th a t  le v e ls  of EA CA  in  th e  
p la s m a ,  ad e q u a te  to  in h ib i t  f ib r in o ly t ic  a c t iv a t io n ,  a r e  
r e a d i ly  a c h ie v e d  and  m a in ta in e d  by o r a l  o r  in t ra v e n o u s  
th e ra p y .  B e c a u se  of r a p id  e x c re t io n  and c o n c e n tr a t io n  
in  th e  u r in e ,  h igh  le v e ls  of EACA in  the  u r in e  ca n  be 
p ro d u c e d  by m o d e s t  d o sag e  s c h e d u le s .
To define  f u r th e r  th e  p o te n t ia l  th e ra p e u t ic  ro le  of 
EA CA , e x p e r im e n ts  w e r e  c a r r i e d  out w h ich  show  th a t  
i t  does  no t s p e c if ic a l ly  a f fe c t  th r o m b o p la s t in  g e n e ra t io n  
o r  th e  th ro m b in - f ib r in o g e n  r e a c t io n .  E v id e n c e  i s  a lso  
p r e s e n te d  th a t  a t  h igh  c o n c e n tra t io n s  EACA in h ib i ts  
p e p s in .
T he  th e s i s  th e n  goes on to  d e s c r ib e  e x p e r im e n ts  w hich  
e x p lo re d  one p o s s ib le  ap p l ic a t io n  of EACA in  the  in v e s t ig a t io n  
and  t r e a tm e n t  of d i s e a s e  in  m a n , n a m e ly  i t s  u s e  to  in h ib i t  
f ib r in o ly t ic  a c t iv i ty  in  th e  u r in a r y  t r a c t .  T he  o b s e rv a t io n s  
w e r e  f a c i l i t a te d  and  ex ten d ed  by th e  a v a i la b i l i ty  of th e  
a s s a y  s y s t e m  f o r  EACA in  b io lo g ic a l  f lu id s .
I t  h a s  b e e n  known fo r  m a n y  y e a r s  th a t  n o r m a l  u r in e  can  
d ig e s t  f ib r in  c lo ts ,  an  e f fe c t  due to  i t s  co n ten t of a  f ib r in o ly t ic  
a c t iv a to r  n a m e d  u r o k in a s e .  T h e  e x p e r im e n ts  d e s c r ib e d  
w e r e  d e s ig n e d  to  s tudy  th e  p o s s ib i l i ty  th a t  p h y s io lo g ic a l  
le v e ls  of u r o k in a s e ,  by p ro m o tin g  c lo t l y s i s ,  m ig h t  
r e s u l t  in  im p a i r m e n t  of h a e m o s ta s i s  a f t e r  o p e r a t io n s  
in  th e  u r in a r y  t r a c t ,  and  th a t  by giv ing  EACA to in h ib i t  
u r o k in a s e ,  p o s t - o p e r a t iv e  b lood  lo s s  m ig h t  be r e d u c e d .
T h e /
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T h e  p ro b le m  w as  a p p ro a c h e d  in  a  c o n t ro l le d  t r i a l  
in  w hich  EACA w as  g iven  to  p a t ie n ts  a f te r  t r a n s u r e t h r a l  
p ro s ta t e c to m y  . When g iven  in t ra v e n o u s ly  in  a p p r o p r ia te  
d o sa g e ,  EACA w as  p ro m p tly  e x c r e te d  in  the  u r in e  in  a 
c o n c e n t r a t io n  su f f ic ie n t  to  in h ib i t  u ro k in a s e  a c t iv i ty .
In  a s s o c ia t io n  w ith  th e  in h ib i t io n  of u ro k in a s e  t h e r e  w as  
fo u rfo ld  r e d u c t io n  in  post*^prosta tec tom y b lood  l o s s  in  
EACA t r e a t e d  p a t ie n ts  a s  c o m p a re d  w ith  c o n t ro l  p a t ie n t s .  
L e v e ls  of EA CA  in  the  u r in e  w e re  m e a s u r e d  and  th e  
r e la t io n s h ip  b e tw een  EACA c o n c e n tra t io n  and  u ro k in a s e  
in h ib i t io n  is  d i s c u s s e d .  A g ro u p  of p a t ie n ts  w as  s tu d ied  
a f t e r  s u p ra p u b ic  p ro s ta te c to m y  ( p o s t -o p e ra t iv e  b lood  
lo s s  w as  r e d u c e d  by one half) and  EACA w as a l s o  g iven , 
w ith  b e n e f ic ia l  e f fec t  to  Ind iv idual p a t ie n ts  no t in c lu d e d  
in  the  c o n t ro l le d  t r i a l s ,  in  w hom  p r o t r a c t e d  h a e m a t u r i a  
p r e s e n te d  a  m a j o r  c l in ic a l  p ro b le m .
T h e  e x p e r im e n ta l  r e s u l t s  p ro v id e  ev id en ce  to  s u p p o r t  
the  co n c ep t th a t  p h y s io lo g ic a l  le v e ls  of u ro k in a s e  ca n  
im p a i r  h a e m o s ta s i s  in  th e  u r in a r y  t r a c t ,  an d  th a t  EA C A , 
by in h ib i t in g  u r o k in a s e ,  h a s  a v a lu a b le  p la c e  in  th e  
m a n a g e m e n t  of p o s t - o p e r a t iv e  h a e m a tu r i a .
F la n  of the th e s i s
T he  th e s i s  i s  p r e s e n te d  in  two v o lu m e s ;  v o lu m e  I 
co n ta in s  th e  te x t  and  r e f e r e n c e s ,  and v o lu m e  II , 
f ig u r e s ,  t a b le s ,  and  an  a c c o u n t  of s ta n d a r d  m e th o d s .
T h e  ta b le s  a r e  in  tw o p a r t s ;  th o se  in  ap p en d ix  2 a r e  
ta b le s  to  w h ich  r e f e r e n c e  is  m a d e  in  the  te x t ,  an d  th o se  
in /
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in  append ix  3 a r e  d e ta i le d  ta b le s  f r o m  w hich  as  
in d ic a te d  in  th e  le g e n d s ,  the  f ig u r e s ,  and  ta b le s  in  
ap pend ix  2 w e re  com piled*
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C H A F T E R  Z
DEVELOPM ENT O F KNOW LEDGE OF FIBRINOLYSIS
S pon taneous  ly t ic  a c t iv i ty  of M ood c lo ts
I t h a s  b ee n  known fo r  m any  y e a r  a  th a t  h u m a n  b lood  
p o s s e s s e s  f ib r in o ly t ic  a c t iv i ty .  H u n te r  (1794) r e c o r d s  
th a t  in  ’’a n im a ls  k i l l e d  by l igh tn ing  o r  by e l e c t r i c i t y ” 
o r  in  ’’a n im a ls  who a r e  ru n  v e ry  h a r d ,  and  k i l l e d  in  
su ch  a  s t a t e ” , th e  b lood  does  n o t co a g u la te .  T h is  
p h en o m en o n  w as  p a r t ly  ex p la in e d  by M o ra w itz  (1906) 
who found  th a t  b lood  f r o m  th e  v ic t im s  of su d d en  d e a th  
co n ta in ed  no f ib r in o g e n  and  cou ld  d e s t ro y  th e  f ib r in o g e n  
an d  f ib r in  of n o r m a l  blood* D en is  (1838) and  
Z im m e r m a n  (1846) o b s e rv e d  th a t  th e  b lood  c lo ts  o b ta in ed  
in  w e t cupping r e d i s s o lv e d  in  l e s s  th a n  24 hours*
G re e n  (1887) n o te d  th a t  w hen  f ib r in  p r e p a r e d  f r o m  ox 
b lood  h a d  d is s o lv e d  w hen in c u b a te d  in  s a l in e  i t  cou ld  
no t be c lo t te d  a g a in  by th rom bin*  D a s t r e  (1893), 
d u r in g  the  c o u r s e  of p h leb o to m y  in  dogs, o b s e rv e d  
a  r e d u c t io n  in  f ib r in  y ie ld  w h ich  he a t t r ib u te d  to 
d e s t ru c t io n  of f ib r in ,  a  p r o c e s s  w h ich  he n a m e d  
’’f i b r i n o ly s i s ” * He d in  (1904) found sp o n ta n eo u s  p ro te o ly t ic  
a c t iv i ty  in  the  g lobu lin  f r a c t io n  of ox b lood , and  F l e i s h e r  
an d  L o eb  (1915) d e m o n s t r a te d  f ib r in o ly t ic  a c t iv i ty  in  
the  t i s s u e s *  M a c fa r la n e  (1937) show ed th a t  in  m a n  
f ib r in o ly t ic /
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fiforinolytüc a c t iv i ty  in  the  b lood  cou ld  be p ro v o k e d  by 
s u r g ic a l  o p e ra t io n .
F ib r in o ly t ic  a c t iv i ty  in d u ced  in  v i t r o
In  p a r a l l e l  w ith  o b s e rv a t io n s  on sp o n tan eo u s  ly t ic  a c t iv i ty  
in  sh ed  b lood , know ledge w as  ac c u m u la t in g  on m e th o d s  
by w hich  ly t ic  a c t iv i ty  m ig h t  be in duced .
D enys and M a rb a ix  (1889) found th a t  p ro te o ly t ic  and 
f ib r in o ly t ic  a c t iv i ty  d ev e lo p ed  in  s e r u m  t r e a t e d  w ith  
c h lo ro fo rm ,  e th e r  o r  thymol* D e lezen n e  and  P o z a r s k i  
(1903) show ed  th a t  the  ac tio n  of c h lo ro f o rm  w as  p ro b a b ly  
to  re m o v e  in h ib i to r s  of p ro te o ly t ic  a c t iv i ty .  N olf 
(1905), who in d u c e d  f ib r in o ly t ic  ac t iv i ty  in  dogs by 
in je c t io n  of p ep to n e , b e l ie v e d  th a t  the ly s i s  of b lood  
c lo ts  w hich  he  o b s e rv e d  w as th e  end  s ta g e  of the  
co a g u la t io n  p r o c e s s ,  and  l ik e  c o ag u la t io n , w as  due to  
the  a c t iv i ty  of p ro te o ly t ic  e n z y m e s .  O pie an d  B a r k e r  
(1907) found th a t ,  a s  w ith  sp o n tan eo u s  a c t iv i ty ,  the  
f ib r in o ly t ic  a c t iv i ty  in d u c ed  by c h lo ro fo rm  t r e a tm e n t  
of s e r u m  w as  in  th e  g lobu lin  f ra c t io n .
S t re p to c o c c a l  f ib r in o ly s i s
S in ce  s t e r i l e  w hole b lood  c lo ts  r e m a in  u n ly s e d  fo r  
days o r  w e e k s ,  the f ib r in o ly t ic  a c t iv i ty  o b s e r v e d  in  b lood  
p o s t - m o r t e m ,  a f t e r  c h lo ro fo rm  t r e a tm e n t  o r  pe%3tone 
in je c t io n ,  and  d u r in g  s u r g ic a l  o p e ra t io n s  m u s t ,  if  due 
to e n z y m a t ic  a c t iv i ty ,  be a s s o c ia t e d  w ith  an  e n z y m e , 
n o r m a l ly  i n e r t ,  w hich  can  be a c t iv a te d  u n d e r  a p p r o p r ia te  
c i r c u m s ta n c e s .  D e m o n s t ra t io n  of su ch  an  e n z y m e  
s y s t e m /
s y s te m  fo llow ed  th e  d is c o v e ry  of s t r e p to c o c c a l  
f i b r i n o l y s i s ,
T h is  m a jo r  c o n tr ib u t io n  to  know ledge of f ib r in o ly t ic  
m e c h a n i s m s ,  f r o m  w hich  s te m s  m o s t  su b se q u e n t  w o rk  
in  f ib r in o ly s i s ,  w as  m a d e  by T i l l e t t  and  G a r n e r  (1933) 
who found  th a t  c u l tu re  m e d iu m  of c e r t a in  s t r a i n s  of 
h a e m o ly t ic  s t r e p to c o c c i  c o n ta in e d  a  su b s ta n c e  
( s t r e p to c o c c a l  ”f ib r in o ly s in ”) ca p a b le  of p ro d u c in g  
r a p id  l y s i s  of h u m a n  b lood  c lo ts .  M il s to n e  (1941) 
show ed  th a t  th is  s t r e p to c o c c a l  p ro d u c t  d id  no t ly s e  h igh ly  
p u r i f ie d  h u m an  f ib r in  bu t if  a s m a l l  am oun t of th e  
eu g lo b u lin  f r a c t io n  of h u m a n  s e r u m  w as  added , ly s i s  
e n s u e d  quickly* K ap la n  (1944) and  C h r i s t e n s e n  (1945) 
found th a t  eu g lo b u lin  f r a c t io n  of s e r u m  owed th is  e f fe c t  
to  i t s  co n ten t of an  in a c t iv e  p r e c u r s o r  of a  f ib r in o ly t ic  
e n z y m e , w h ich  w as  c o n v e r te d  to  an  a c t iv e  s ta te  by 
th e  s t r e p to c o c c a l  ”f ib r in o ly s in ” , C h r i s t e n s e n  (1945) 
su g g e s te d  th a t  th e  s t r e p to c o c c a l  f ib r in o ly s in  be 
r e n a m e d  s tre p to k in a se *  C h r i s t e n s e n  and  M a c la o d  
(1945) p ro p o s e d  th a t  th e  in a c t iv e  en z y m e  p r e c u r s o r  
in  th e  s e r u m  eu g lo b u lin  f r a c t io n  be n a m e d  p la s m in o g e n  
and  the  a c t iv e  en zy m e to  w h ich  i t  i s  c o n v e r te d ,  p la s m in .  
S ince  th e  p ro te o ly t ic  a c t io n  of p la s m in  i s  no t co n fined  
to f ib r in ,  th is  te rm in o lo g y  is  m u ch  to  be p r e f e r r e d  to 
th e  a l te r n a t iv e  u s a g e s  p r o f ib r in o ly s in  and  f ib r in o ly s in ,
O n th e  s c h e m e  f o r  a c t iv a t io n  of f ib r in o ly t ic  a c t iv i ty  
p ro p o s e d  by C h r i s t e n s e n  and  M ae le o d  (1945), and  
i l l u s t r a t e d /
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i l l u s t r a t e d  in  f ig u re  1, m o s t  su b se q u e n t  w o rk  h a s  b e e n  
b a s e d ,  and though  m u c h  e la b o ra te d ,  It r e m a in s  
e s s e n t i a l ly  v a l id  in  t e r m s  of p r e s e n t  know ledge , as  
d i s c u s s e d  in  the  en su in g  p a g e s .
« 10«*
C H A P T E R  3
CU RREN T C O N C E P T S OF TH E COM PONENTS AND 
FUNCTIONS OF TH E FIB R IN O LY TIC  EN ZY M E SYSTEM
T hough of g r e a t  c o m p le x i ty ,  th e  f ib r in o ly t ic  s y s t e m  h a s  
fo u r  m a in  co m p o n en ts ;  p la sm in o g e n ,  p la s m in ,  a c t iv a to r s  
and  in h ib i to r s .
P la s m in o g e n , a  p la s m a  g lobu lin , in a c t iv e  in  i t s  n a t iv e  
s ta te ,  i s  c o n v e r te d  by a c t iv a to r s  to p la s m in ,  a  p ro te o ly t ic  
en z y m e  w hich  u n d e r  s u i ta b le  c i r c u m s ta n c e s  d ig e s ts  
f ib r in  to  g ive so lu b le  p ro d u c ts  ( f igu re  1). P la s m in o g e n ,  
a  b e ta  g lobu lin  w ith  a  m o le c u la r  w eigh t of abou t 140 ,000  
(Shu lm an  e t a l .  , 1958) i s  c o n c e n t r a te d  in  C ohn f r a c t io n  
III (Cohn e t  a l .  , 1946). I t  i s  s ta b le  in  d ilu te  m in e r a l  
a c id  a t pH2 (C h r is te n s e n  and  S m ith , 1950) and  ad v an tag e  
i s  ta k e n  of th is  p r o p e r ty  in  the  m o s t  w ide ly  u s e d  m e th o d  
of p r e p a r a t io n ,  th a t  of K line  (1953), w hich  u s e s  C ohn 
f r a c t io n  III a s  s ta r t in g  m a t e r i a l .
A c t iv a t io n  of p la s m in o g e n  P la s m in o g e n  c o n v e rs io n  
to  p la s m in ,  an  e n z y m a t ic  r e a c t io n  b ro u g h t  abou t by 
a c t iv a to r s  o r  k in a s e s ,  i s  a c c o m p a n ie d  by the  s p l i t t in g  
off of p e p t id e s  (A lk ja e rs ig  e t a l . , 1958); the  m o le c u la r  
w eigh t of p la s m in  i s  p ro b a b ly  about 108 ,000  (Shu lm an  
e t  a l .  , 1958). A c t iv a to r s  p o s s e s s  the p r o p e r ty  of 
sp l i t t in g  ly s in e  and a rg in in e  e s t e r s  and such  e s t e r s  ac t  
a s /
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a s  c o m p e ti t iv e  in h ib i to r s  of p la sm in o g e n  ac tiva tion ; 
the  a c t iv a t io n  p r o c e s s  w ould  th e r e f o r e  a p p e a r  to in c lu d e  
a  p ro te o ly t ic  s te p  in  w hich  ly s in e  and/ o r  a rg in in e  bonds 
a r e  s p l i t  (A lk ja e rs ig  e t a l . ,  1958).
P la s m in o g e n  a c t iv a to r s
T is s u e  a c t iv a to r s  P la s m in o g e n  a c t iv a to r s  a r e  p r e s e n t  
in  a lm o s t  a l l  body t i s s u e  e x c e p t  the  l iv e r  and  th e  p la c e n ta ;  
h igh  c o n c e n tra t io n s  a r e  found  in  the  p r o s t a t e ,  utexms, 
th y ro id ,  lu n g s ,  o v a ry ,  a d r e n a l s ,  and ly m p h  n o d es  
(A lb re c h tse n ,  1957),
P l a s m a  a c t iv a to r  P la s m in o g e n  a c t iv a to r ,  p r e s e n t  in  
t r a c e  q u a n t i t ie s  in  n o r m a l  p la s m a ,  is  found in  i n c r e a s e d  
am oun t a f te r  e x e r c i s e ,  em o tio n a l  s t r e s s ,  a d re n a l in e  
in je c t io n ,  e l e c t r i c  sh o ck  and a d m in is t r a t io n  of b a c t e r i a l  
p y ro g e n  (Saw yer e t  a l. , I960)* A s su g g e s te d  by K w aan  
and  a s s o c ia t e s  (1957), one s i te  of p ro d u c t io n  of p la s m a  
a c t iv a to r  i s  p ro b a b ly  the  w a lls  of the v e in s ;  the  
h is to c h e m ic a l  s tu d ie s  of T odd  (1959) len d  s u p p o r t  to 
th is  hypo thesis*  A s t ru p  (1956a) h as  p r e s e n te d  ev id en ce  
w hich  su g g e s ts  th a t  b lood  and t i s s u e  a c t iv a to r s  a r e  
’’ly s o k i n a s e s ” w hich  a c t  l ik e  s t r e p to k in a s e  by c o n v e r t in g  
p r o a c t iv a to r  to  a c t iv a to r ,
A c t iv a to r  in  s e c r e t io n s  P la s m in o g e n  a c t iv a to r s  a r e  
p r e s e n t  in  m i lk  (A s tru p  and  S te rn d o r f f  1953), t e a r s  
(S to rm , 1955) s a l iv a  (A lb re c h ts e n  and T h a y s e n ,  1955) 
and  s e m in a l  f lu id  (von K a u lla  and S h e t t le s ,  1953).
U r in a r y  a c t iv a to r  U ro k in a s e ,  th e  p h y s io lo g ic a l  p la sm in o g e n  
a c t iv a to r /
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a c t iv a to r  p r e s e n t  in  n o r m a l  u r in e ,  is  d i s c u s s e d  in  d e ta i l  
in  C h a p te r  9.
B a c te r i a l  a c t iv a to r s  S t r e p to k in a s e , p ro d u c e d  by c e r t a in  
s t r a i n s  of h a e m o ly t ic  s t r e p to c o c c i ,  w as th e  f i r s t  
a c t iv a to r  to  be id e n t i f ie d  (T i l le t t  and  G a r n e r ,  1933)
I t  does not a c t iv a te  p la sm in o g e n  d i r e c t ly ,  bu t only a f te r  
r e a c t io n  w ith  a  p ro  a c t iv a to r ,  w hich  m a y  be p la s m in o g e n  
i t s e l f  (Ablondi and  H agan , 1957). S tap h y lo c o cc a l  c u l tu re  
f i l t r a t e s  c o n ta in  a  p la sm in o g e n  a c t iv a to r  n a m e d  
s ta p h y lo k in a se  (G e rh e im  e t  ai, , 1948).
P r o te o ly t i c  e n z y m e s , fo r  e x a m p le ,  p la s m in  i t s e l f  
(a u to c a ta ly t ic  ac tiv a tio n )  and t r y p s in ,  a r e  a lso  p la sm in o g e n  
a c t iv a to r s ,  though th e r e  is  ev id en ce  to  s u g g e s t  th a t  the  
p la s m in  so  p ro d u c e d  m a y  d if fe r  in  p h y s ic o -c h e m ic a l  
p r o p e r t i e s  f r o m  th a t  p ro d u c e d  by u ro k in a s e  (A lk ja e rs ig  
e t  a l . , 1958).
In  v i t r o ,  a c t iv a t io n  m a y  a lso  be p ro d u c e d  by c h lo ro fo rm  
(C h r is te n se n ,  1946) and  pep tone  (U ngar and  M is t ,  1949). 
H a g e m an  F a c t o r  T h e r e  is  in  v i t r o  ev id en ce  to  s u g g e s t  
th a t  H a g e m a n  f a c to r  m a y  p lay  a p a r t  in  p la s m in o g e n  
a c t iv a t io n  ( l a t r id i s  e t  a l ,  , I960).
P l a s m i n
P l a s m i n  i s  a  p ro te o ly t ic  en zy m e w ith  w ide s u b s t r a t e  
sp e c if ic i ty .  In  v i t r o  i t  h a s  equa l aff in ity  fo r  f ib r in o g e n  
as  fo r  f ib r in  (Ratnoff, 1953). O th e r  p la s m a  p ro te in s  
d ig e s te d  in c lu d e  g lucagon , ACTH and g ro w th  h o rm o n e  
(M irsk y  e t a l ,  , 1959), f a c to r  V (A lag ille  and S o u l ie r ,
1956/
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1956), a î i t ih a em o p h illc  g lobu lin  (L ew is  et a l .  , 1949), 
and c e r t a in  co m p o n en ts  of c o m p le m e n t  ( P i l l e m e r  e t  a l .  , 
1952). P l a s m in  a lso  d ig e s ts  c a s e in  (R e m m e r t  
and  C ohen , 1949).
In h ib i to r s  of the  p la s m in o g e n -p la s m in  s y s t e m  
Two c a te g o r ie s  of in h ib i to r  ex is t ;  th o se  ac t in g  on th e  
a c t iv a t io n  p r o c e s s  and  th o se  ac tin g  upon p la s m in  
( a n t ip la s m in ) .
P l a s m a  In h ib i to r s  of A c tiv a tio n  Though the  e x is te n c e  
of a n a tu ra l ly  o c c u r r in g  a c t iv a to r  in li ib ito r  in  p l a s m a  
h a s  b e e n  s u g g e s te d  (L ew is  and  F e r g u s o n ,  1951;
M u l le r tz ,  1957; J a c o b s s e n ,  1955; N i ls s o n  e t a l * ,
1961; P a r a s k e v a s  e t  a l .  , 1962; M cN icol e t  a l .  ,
1963), the  m e th o d s  u s e d  h av e  no t ad e q u a te ly  d is t in g u is h e d  
b e tw een  a n t ip la s m in  a c t iv i ty  and in h ib i t io n  of p la s m in o g e n  
a c t iv a to r ,  and  th e  s e p a r a te  e x is te n c e  of n a tu r a l  p l a s m a  
a c t iv a to r  in h ib i to r s  h as  no t b e e n  p ro v ed .
P l a s m a  a n t ip la s m in
P l a s m a  and s e r u m  e x e r t  a  s u b s ta n t ia l  in h ib i to ry  ac tio n  
on p la s m in .  M il s tone  (1941) found a n t ip la s m in  a c t iv i ty  
in  the  s u p e rn a ta n t  of the  eug lobu lin  p r e c ip i t a t e ,  an 
o b s e rv a t io n  c o n f i rm e d  by M a c fa r la n e  and P i l l in g  (1946), 
N o rm a n  and H ill  (1958) h av e  show n th a t  t h e r e  a r e  a t l e a s t  
two a n t ip la s m in s  in  s e r u m .  O ne, in  the  a l p h a - 2 g lobu lin  
f r a c t io n ,  r e a c t s  q u ick ly  as  a c o m p e ti t iv e  in h ib i to r  of 
p la s m in .  T he o th e r ,  in  the  a lp h a -1  f r a c t io n ,  r e a c t s  
m o r e  s low ly  but f i rm ly  w ith  p la s m in  to  p ro d u c e  an  
in a c t iv e /
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in a c t iv e  co m p lex . T h e re  is  a lso  a n t ip la s m in  a c t iv i ty  
in  the p la te le t s  (Johnson  and  S c h n e id e r ,  1953).
A c c o rd in g  to  F l e t c h e r  ( i960) th e r e  is  in  p l a s m a  about 
60 p e r  cen t m o r e  a n t ip la s m in  a c tiv i ty  th a n  p la s m in o g e n  
( i . e .  th a n  p o te n t ia l  p la sm in ) ;  a c c o rd in g  to N o rm a n  
( i 960), t h e r e  is  abou t 30 t im e s  m o r e  a n t ip la s m in  th a n  
p la sm in o g e n .
O th e r  in h ib i to r s  of p la s m in  and p la sm in o g e n  a c t iv a t io n  
P l a s m i n  in h ib i to r s  N u m e ro u s  s u b s ta n c e s  h ave  b ee n  
found  w hich  in h ib i t  th e  a c t iv i ty  of p la s m in .  T h e s e  in c lu d e  
h e p a r in  (von K a u lla  and M cD onald , 1958); b a s ic  am ino  
a c id s  (M u lle r tz ,  1954) and  th e i r  e s t e r s  (T ro l l  a t  a l . ,
1954); q u a te r n a r y  a m in e s  (A s tru p  and A lk ja e r s ig ,
1931); l a u r y l  am in e  (Astru%) and  A lk ja e r s ig ,  1932); 
h eavy  m e ta l s  (K ow alsk i and L a ta l lo ,  1956); p a n c r e a t i c  
t r y p s in  in h ib i to r  and so y a  b ea n  t r y p s in  in h ib i to r  
(C h r i s te n s e n  and  M ae leo d , 1945); to x ic  p h o sp h o ru s  
com pounds (M oun ter  and S h ip ley , 1958); to lu id in e  b lue 
(L o m b a rd o ,  1958); and as  d i s c u s s e d  in  C h a p te r  4, 
e p s i lo n  a m in o c a p ro ic  ac id .  T he a n t ip la s m in  ac t iv i ty  
of th e s e  s u b s ta n c e s ,  though  of th e o r e t i c a l  i n t e r e s t  
and  in  so m e c a s e s  v a lu a b le  fo r  in  v i t r o  s tu d ie s ,  i s  
p ro b ab ly  too w eak  to be of u se  in  vivo in  sa fe  d o sa g e .  
O th e r  p la s m in o g e n  a c t iv a to r  in h ib i to r s
M u l le r ta  (1954) o b s e rv e d  th a t  in  v i t r o  ly s in e  and 
o rn i th in e  in h ib i te d  p la sm in o g e n  a c t iv a to r  and  A lk ja e r s ig  
e t  a l .  (1958) found th a t  a rg in in e  and ly s in e  e s t e r s  a r e  
c o m p e t i t iv e /
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c o m p e ti t iv e  in h ib i to r s  of p la sm in o g e n  a c t iv a t io n .
A lk ja e r s ig  e t  a l .  (I959a) and A blondi et a l .  (1959) 
show ed  th a t  e p s i lo n  a m in o c a p ro ic  a c id  is  a  p o ten t 
c o m p e ti t iv e  in h ib i to r  of p la sm in o g e n  a c t iv a t io n ,  and  
th e i r  f in d in g s ,  to g e th e r  w ith  th e  o b s e rv a t io n  of S jo e r d s m a  
and  N i ls s o n  (I960) on th e  in h ib i to ry  e f fe c ts  of o th e r  a l i ­
p h a t ic  am ino  com pounds on p la sm in o g e n  a c t iv a t io n  a r e  
d i s c u s s e d  in  d e ta i l  in  C h a p te r  4,
M e c h a n is m  of f ib r in o ly s is
S h e r r y  and h is  a s s o c ia t e s  (A lk ja e rs ig  e t  a l .  , 1959b; 
S h e r r y  e t  a l ,  , 1959a) have  p ro v id e d  an a t t r a c t iv e  
h y p o th e s is  f o r  the  m e c h a n is m  of c lo t ly s i s  in  v iv o .
A c c o rd in g  to th is  h y p o th e s is ,  p la s m a  and any th ro m b i  
in  the  v a s c u la r  s y s te m  re s p o n d  d if fe re n t ly  to c i r c u la t in g  
a c t iv a to r  ( f ig u re  Z ) . In  p la s m a ,  a c t iv a to r  c o n v e r ts  
p la sm in o g e n  to p la s m in ,  but p ro v id e d  p la sm in o g e n  
c o n v e rs io n  is  no t e x c e s s iv e ly  ra p id ,  a n t ip la s m in  n e u t r a l i s e s  
th e  p la s m in  p ro d u c e d  and  in  co n seq u en c e  t h e r e  i s  no 
f r e e  p ro te o ly t ic  a c t iv i ty  in  the c i r c u la t io n .  In  th ro m b i  
on the  o th e r  hand , w h e re  a n t ip la s m in  c o n c e n tr a t io n s  
a r e  s a id  to be r e la t iv e ly  low  (Saw yer e t  a l .  , 1961), 
p la sm in o g e n  a c t iv a to r  d if fu ses  in to  the  th ro m b u s  and 
a c t iv a te s  p la sm in o g e n  in  c lo se  a s s o c ia t io n  w ith  f ib r in ,  
w hich  i s  d ig e s te d ,  In  th is  w ay s u b s t r a te  s p e c if ic i ty  is  
c o n f e r r e d  on  p la s m in  in  v iv o ,
The fo llow ing o b s e rv a t io n s  su p p o r t  th e  above 
h y p o th e s is :  - 
(1)/
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(1) p la s m in o g e n  h a s  a s t ro n g  affin ity  fo r  
f ib r in o g e n  and f ib r in  and  so  in  n o rm a l  
c i r c u m s ta n c e s ,  th ro m b i  h av e  a h igh  
p la s m in o g e n  co n ten t (B lom bhck  and 
Blom bUck, 1956), A c t iv a to r  i s  a lso  
a b s o rb e d  on to  f ib r in  in  the  p r o c e s s  of 
c lo tt in g  (S h e r ry ,  1954).
(2) In  in  v i t r o  s y s t e m s ,  u s in g  p la sm in o g e n  
e n r ic h e d  r a d io a c t iv e  c lo ts  as  s u b s t r a t e ,  
l y s i s  i s  r e a d i ly  p ro d u c e d  by a c t iv a to r  in  the  
su r ro u n d in g  m e d iu m , and ly t ic  a c t iv i ty  is
a  fu n c tio n  of c lo t p la sm in o g e n  co n ten t.
S uch  c lo ts ,  h o w e v e r ,  a r e  r e s i s t a n t  to  l y s i s  
by p la s m in  in  th e  m e d iu m  (A lk ja e rs ig  e t a l . ,
1959b). It w ould  s e e m  p ro b a b le  th a t  th e  
fu n c tio n  of p la s m a  p la sm in o g e n  is  to endow  
any c lo ts  w h ich  m ay  f o r m  w ith  the m e a n s  to  m e d ia te  
t h e i r  su b se q u e n t  l y s i s  (S h e r ry  e t  a l ,  , 1959a). 
D e fec tiv e  f ib r in  p o ly m e r i s a t io n
The n e c e s s i ty  fo r  the  m e c h a n is m  d e s c r ib e d ,  w hich  
p e r m i t s  c lo t ly s i s  but n o rm a l ly  p r e v e n ts  the  a p p e a ra n c e  
of f r e e  p la s m in  in  th e  c i r c u la t io n ,  h as  b een  e lu c id a te d  
by S h e r r y  and  h is  a s s o c ia te s  (F le tc h e r  et a l .  , 1962a; 
A lk ja e r s ig  e t  a l ,  , 1962) who have show n th a t  w hen  f r e e  
p la s m in  i s  p r e s e n t  in  the c i r c u la t io n ,  f ib r in o g e n  is  
d ig e s te d  and  f ib r in  p o ly m e r i s a t io n  d i s o r d e r e d .  
F ib r in o g e n - f ib r in  c o n v e rs io n  ta k e s  p la ce  in  t h r e e  s te p s  
( f ig u re /
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( f ig u re  3) (S c h e ra g a  and L a sk o w sk i ,  1957). T h ro m b in ,  
a  h igh ly  s p e c if ic  p ro te o ly t ic  e n z y m e , f o r m s  f ib r in  
m o n o m e r  f r o m  f ib r in o g e n  by sp l i t t in g  off p e p t id e s ;  
f ib r in  m o n o m e r s  co n d en se  in  a  p o ly m e r i s a t io n  s te p ,  
to  f o r m  f ib r in  p o ly m e r  w hich  u n d e rg o e s  g e la t io n  to  fo rm  
the  f in a l  v is ib le  c lo t .  When f ib r in o g e n  i s  a t ta c k e d  
by p la s m in ,  one of the b reak d o w n  p ro d u c ts  so p ro d u c e d  
i n t e r f e r e s  w ith  n o r m a l  f ib r in  p o ly m e r i s a t io n .  T he 
s p e c if ic  f ib r in o g e n  f r a g m e n t  r e s p o n s ib le  fo r  the  
p o ly m e r i s a t io n  d e fec t ,  w hose  e l e c t ro p h o r e t i c  and s e d i ­
m e n ta t io n  c h a r a c t e r i s t i c s  have  b een  d e te rm in e d ,  h a s  
a  h a l f - l i f e  in  th e  c i r c u la t io n  of about 9 h o u r s , D uring  
f ib r in  p o ly m e r i s a t io n  th is  f r a g m e n t  b e c o m e s  in c o r p o r a te d  
in  th e  p o ly m e r ,  bu t i t  d i f f e r s  su ff ic ien tly  f r o m  f ib r in  
m o n o m e r  to r e s u l t  in  a  g r o s s  d e fe c t  in  p o ly m e r  
fo rm a t io n ,  and  as  a  r e s u l t ,  c lo t f o rm a t io n  i s  d e la y e d  
and  d e fe c t iv e .  T he a b n o rm a l  f r ia b le  n a tu re  of c lo ts  
f o rm e d  in  th e  p r e s e n c e  of th is  f ib r in o g e n  b re a k d o w n  
p ro d u c t  ca n  be  s e e n  on n ak ed  eye in sp e c t io n ,  and  th e  
s t r u c t u r a l  a b n o r m a l i t i e s ,  in c lu d in g  in h ib i t io n  of 
com pound  f ib r in  fo rm a t io n ,  p a r t i a l  f a i lu r e  of n e tw o rk  
f o rm a t io n  and  th e  in c o rp o r a t io n  of u n d if fe re n t ia te d  
a g g reg a te s*  h av e  b e e n  d e m o n s t r a te d  w ith  th e  e l e c t r o n  
m ic ro s c o p e  (Bang e t a l .  , 1962),
N ie w ia ro w sk i  and  L a t  a l io  (1957) and T r  i  ant aphy 11 opoulo s 
(1958) have  o b s e rv e d  an  a n t ic o a g u la n t  e ffec t  of the  
p ro d u c ts  of f ib r in  p r o te o ly s i s  to w hich  th ey  a t t r ib u te d  
p r o p e r t i e s /
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p r o p e r t i e s  as  an ” a n t i th ro m b in ” . H ow ever* as  the  
s p e c if ic  f ib r in o g e n  b rea k d o w n  p ro d u c t  r e s p o n s ib le  
fo r  the  co a g u la t io n  d e fe c t  in  h y p e r p la s m in a e m ic  s ta te s  
does  n o t in h ib i t  th e  e n z y m a tic  e ffec t  of th ro m b in  on  the  
sy n th e t ic  s u b s t r a t e  b en zy l a rg in in e  m e th y l  e s t e r  o r  on 
f ib r in o g e n  (A lk ja e rs ig  e t  a l , , 1962), i t  w ould  s e e m  
l ik e ly  th a t  th e  a p p a re n t  an ti th ro m b in  e ffec t  s e e n  w as  due 
to  a d e fec t  in  f ib r in  p o ly m e r  f o rm a t io n  r a t h e r  th a n  
to i n te r f e r e n c e  w ith  the  a c t io n  of th ro m b in  i t s e l f .
S y s te m ic  h y p e r p la s m in a e m ic  s ta te s
Though i t  is  d if f icu lt  to  fo llow  the  co m p le te  c o u r s e  of 
n a tu ra l ly  o c c u r r in g  f ib r in o ly t ic  s t a te s  b e c a u s e  b io c h e m ic a l  
e v e n ts  m a y  be w e ll  ad v an ced  b e fo re  the p r o b le m  b e c o m e s  
c l in ic a l ly  a p p a re n t ,  the  se q u en ce  of ev en ts  fo llow ing  
a d m in is t r a t io n  of s t r e p to k in a s e  h as  b e e n  s tu d ie d  in  
d e ta i l  ( F le tc h e r  e t  a l .  , 1959; M cN icol e t a l . , 1962a).
T he b io c h e m ic a l  e f fe c ts  of s t r e p to k in a s e  in fu s io n  in c lu d e  
a c c e le r a t i o n  of c lo t l y s i s ,  fa l l  in  le v e ls  of p la sm in o g e n  
and  f ib r in o g e n ,  i n c r e a s e d  th ro m b in  c lo tt in g  t im e  and 
re d u c e d  le v e ls  of p ro th ro m b in ,  a n t ih ae m o p h il ic  
g lobu lin , f a c to r  V and to  a  l e s s e r  e x te n t ,  C h r i s t m a s  
f a c to r  (M cN icol e t  a l ,  , 1962a), Though th e  co a g u la t io n  
d e fe c t  in d u c ed  by s t r e p to k in a s e  is  co m p lex , w ith  
a c c e l e r a t e d  c lo t l y s i s  and  d ep le t io n  of c o a g u la t io n  
f a c to r s  p lay ing  a p a r t ,  F l e t c h e r  e t a l .  (1962a) and 
A lk ja e r s ig  e t  a l ,  (1962) have  p ro d u c e d  conv incing  
ev id e n c e /
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ev id en ce  to  su p p o r t  the  co n cep t th a t  a  m a jo r  f a c to r  in  
the  g e n e s is  of the co ag u la t io n  d e fec t is  c o n v e rs io n  
of p la s m a  p la s m in o g e n  to  p la s m in  w ith  tem p o ra ry -  
o v e rw h e lm in g  of th e  p h y s io lo g ic a l  a n t ip la s m in  
m e c h a n is m  and h en c e  th e  p r e s e n c e  of f r e e  p la s m in  
in  th e  c ircu la tio n *  In  c o n seq u en ce  of th is  
“h y p e r p la s m in a e m ic ” s t a t e ,  f ib r in o g e n  is  d ig e s te d  
and  d e fec t iv e  f ib r in  p o ly m e r i s a t io n  e n s u e s .  A s 
p ro te o ly t ic  a c t iv i ty  in  th e  p la s m a ,  and  p a r t i c u la r ly  
f ib r in o g e n o ly s i s ,  p la y s  su c h  an  im p o r ta n t  p a r t  in  
p ro d u c in g  th is  co a g u la t io n  d e fe c t ,  S h e r ry  e t a l ,
(1959a) have  su g g e s te d  th a t  i t  i s  m o r e  a p p r o p r ia te  
to d e s ig n a te  su ch  s ta te s  h y p e rp la s m in a e m ic  r a t h e r  
th a n  f ib r in o ly t ic ,  H y p e r p la s m in a e m ic  s ta te s  a r e  
p a r t i c u l a r ly  l ia b le  to  o c c u r  w hen t i s s u e s  r i c h  in  
p la s m in o g e n  a c t iv a to r  have  b ee n  h an d led  e . g .  a f te r  
th o r a c ic  s u r g e r y  (S o u lie r  e t  a l .*  1952), e s p e c ia l ly  
c a rd ia c  s u r g e r y  w ith  a he a r t - lu n g  m a c h in e  (von K a u lla  
an d  Sw an, 1958; G ana e t  a l , , 1962), Such s ta te s  
m a y ,  h o w e v e r ,  c o m p lic a te  any m a jo r  s u r g ic a l  o p e ra t io n  
(A n d e rs s o n  e t  a l ,  , 1962) and m ay  a lso  o c c u r  in  
o b s te t r i c  a c c id e n ts ,  e . g .  a c c id e n ta l  h a e m o r r h a g e ,  
a m n io t ic  f lu id  e m b o l is m  and i n t r a - u t e r i n e  d e a th  w ith  
a  r e t a in e d  f o e t u s . The g e n e s is  of the  co a g u la t io n  d e fe c t  
i s  p ro b ab ly  e x t r e m e ly  co m p lex ; i t  is  p o s s ib le  th a t  in  
so m e  c a s e s  at l e a s t  the  in i t ia l  ev e n t m a y  be r e l e a s e  
in to  th e  c i r c u la t io n  of th ro m b o p la s t in ,  w ith  i n t r a v a s c u l a r  
c lo tt in g /
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c lo tt in g ,  th e  f ib r in o ly t ic  a c t iv i ty  being  s e c o n d a ry  to  th is  
(S c h n e id e r ,  1959; F l e t c h e r  a t  a l .  , 1962b).
P r o te o ly t i c  s ta te s  a ls o  o c c u r  o c c a s io n a l ly  in  p a t ie n ts  
w ith  p ro  s ta t ic  c a r c in o m a ,  e s p e c ia l ly  if m é t a s t a s é s  a r e  
p r e s e n t  (Tagnon e t a l* , 1952), and have a lso  b e e n  
r e p o r t e d  in  a s s o c ia t io n  w ith  p a n c re a t i c  n e o p la s m  
(R atn o ff , 1952) and le u k a e m ia  (M ik a ta  e t  a l . , 1959). 
E x c e s s iv e  f ib r in o ly t ic  a c t iv i ty  m ay  a lso  o c c u r  in  
p a t ie n ts  w ith  c i r r h o s i s  of the  l i v e r  (G o o d p a s tu re ,  1914, 
R a tn o ff ,  1949; K w aan  e t  a l .  , 1956; G r o s s i  e t  a l .  ,
1961).
B io lo g ica l  ro le  of f ib r in o ly s is  
P l a s m a  f ib r in o ly t ic  ac tiv i ty
T h e r e  is  e v id en c e  to  su g g e s t  th a t  the  p la s m in o g e n -  
p la s m in  s y s te m  is  c o n s ta n tly  ac tiv e  u n d e r  p h y s io lo g ic a l  
c i r c u m s ta n c e s  * S t e r i l e  w hole  b lood  c lo ts  ly s e  
sp o n ta n eo u s ly  if  s low ly  (G o o d p a s tu re ,  1914) an d  m u c h  
f a s t e r  l y s i s  i s  s e e n  if p la s m a  is  d ilu ted  (M a c fa r la n e ,
1937; F e a r n le y  and  T w eed , 1953). I n c r e a s e d  
f ib r in o ly t ic  a c t iv i ty  h a s  b ee n  found in  su ch  p h y s io lo g ic a l  
c i r c u m s ta n c e s  a s  a f te r  e x e r c i s e  (B iggs e t al* , 194?) 
an d  in  s tu d e n ts  about to  ta k e  p a r t  in  an  e x a m in a t io n  
(T ru e lo v e ,  1951)* S aw y er  e t  a l ,  ( i960) have  d e m o n s t r a te d  
th a t  the  f ib r in o ly t ic  a c t iv i ty  found in  v i t r o  in  p la s m a  
f ro m  n o r m a l  s u b je c ts  u n d e r  p h y s io lo g ic a l  c i r c u m s ta n c e s  
i s  due to  th e  p r e s e n c e  of p la sm in o g e n  a c t iv a to r  in  th e  
c i r c u la t io n /
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c ircu la tion ,
A b a la n c e  b e tw e en  co ag u la t io n  and f ib r in o ly s i s  w a s  
f i r s t  s u g g e s te d  by Nolf (1908). A s t ru p  (1956 a and 
b ) , J e n s e n  (1956), C opley  (1957) and F e a r n le y  (1961) 
hav e  b e e n  th e  m a in  p ro p o n e n ts  of the  a t t r a c t i v e ,  though 
specu la tive*  h y p o th e s is  th a t  the  f ib r in o ly t ic  en a y m e  
s y s te m  h as  a  h o m e o s ta t ic  fu nc tion , c o m p le m e n ta ry  to 
the  co a g u la t io n  s y s te m ,  in  m a in ta in in g  an in ta c t  p a te n t  
v a s c u la r  t r e e .  T he  th e o ry  s u g g e s ts  th a t  th e  two s y s te m s  
a r e  in  a  s ta te  of dy n am ic  e q u i l ib r iu m , w ith  co n s ta n t  
d e p o s i t io n  by the  co a g u la t io n  s y s t e m  of a  th in  l a y e r  of 
f ib r in  on th e  e n d o th e liu m  and i t s  continuous r e m o v a l  by 
th e  f ib r in o ly t ic  s y s t e m .  In an e x te n s io n  of D u g u id 's  
h y p o th e s is  (1949) on  the  ae tio logy  of a th e ro m a ,  i t  h a s  
b ee n  p r o p o s e d  (M ole, 1948; B iggs and M a c fa r la n e ,  1962) 
th a t  a  r e d u c t io n  in  f ib r in o ly t ic  a c t iv i ty  m ig h t  p e r m i t  
a c c u m u la t io n  of f ib r in  on th e  en d o th e liu m , so  fo rm in g  
the  b a s i s  of an a th e ro m a to u s  p la q u e .
F ib r in o ly t i c  a c t iv i ty  in  the  t i s s u e s
T he w id e s p re a d  o c c u r r e n c e  of p la sm in o g e n  a c t iv a to r  in  
the  t i s s u e s  (A s tru p  and P e r m i n ,  1947) a lso  s u g g e s ts  
th a t  the f ib r in o ly t ic  s y s te m  h a s  a ro le  in  r e m o v in g  f ib r in  
w hen  it  i s  no lo n g e r  n e e d e d  in  p r o c e s s e s  of r e p a i r .
T h e  r e p o r t e d  p r e s e n c e  of a  p lasm inogen-» like  p r o - e n z y m e  
in  the  t i s s u e s  (K ow alsk i e t  a l . , 1958) le n d s  s u p p o r t  to  
th is  hypo thesis*
F ib r in o ly t i c  a c t iv i ty  in  o th e r  body flu ids
T h e /
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T he d is c o v e ry  of u ro k in a s e  su g g e s te d  to A s t ru p  and 
S te rn d o r f f  (1952) th a t  p la sm in o g e n  a c t iv a to r s  m ig h t  be 
found in  o th e r  body f lu id s  p a s s in g  th ro u g h  n a r r o w  
e x c r e to r y  d u c ts ,  and as  h a s  a l re a d y  b e e n  r e p o r t e d  
a c t iv a to r  w as  found in  t e a r s ,  m i lk  and s e m in a l  f lu id .
A s t ru p  (1956a) p r o p o s e s  th a t  the  ro le  of th e s e  a c t iv a to r s  
i s ,  a t  l e a s t  in  p a r t ,  to  m a in ta in  the  p a te n c y  of the 
e x c r e to r y  p a s s a g e s  by p ro m o tin g  the ly s i s  of f ib r in o u s  
d e p o s i t s .
O th e r  b io lo g ic a l  fu n c tio n s  of the f ib r in o ly t ic  en z y m e  s y s te m
T h e r e  i s  e v id e n c e ,  re v ie w e d  by U ngar and  H a y a sh i  
(1958) to s u g g e s t  th a t  f ib r in o ly t ic  a c t iv i ty  m a y  be in v o lv ed  
in  the  d e v e lo p m e n t of a l l e r g ic  r e s p o n s e s .  p l a s m i n  
a c t iv i ty  m a y  a ls o  be im p l ic a te d  in  the  p ro d u c t io n  of 
p h y s io lo g ic a l ly  a c t iv e  p e p t id e s  such  as  b ra d y k in in  
(L e w is ,  I960).
S u m m a ry
In  the  p a s t  15 y e a r s  th e  co m p o n en ts  of th e  f ib r in o ly t ic  
en zy m e s y s te m  have  b een  p a r t i a l ly  id e n t i f ie d  and  
c h a r a c t e r i s e d ,  and ev id en ce  h a s  a c c u m u la te d  to  
su p p o r t  the concep t th a t  the  s y s t e m  h as  a b io lo g ic a l  
ro le  in  b r in g in g  about th e  ly s i s  of f ib r in  in  v iv o .
I t  h a s  a lso  b e c o m e  a p p a re n t  th a t  in  c e r t a in  c i r c u m s ta n c e s  
e x c e s s iv e  f ib r in o ly t ic  a c t iv i ty  in  vivo can  le a d  to  
d e fec t iv e  h a e m o s ta s i s .  A s d i s c u s s e d  in  d e ta i l  in  th e  
fo llow ing  c h a p te r ,  the  p o s s ib i l i ty  of t r e a t in g  su ch  
f ib r in o ly t ic /
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f ib r in o ly t ic  s t a t e s  b as  a r i s e n  w ith  th e  d is c o v e ry  th a t  
the  sy n th e t ic  am ino  ac id ,  e p s i lo n  a m in o c a p ro ic  a c id  
i s  an in h ib i to r  of p la sm in o g e n  a c t iv a t io n .
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C H A P T E R  4
N A TU R E AND ACTIONS OF EA CA
EA CA , a  w hite  c r y s ta l l in e  su b s ta n c e  f r e e ly  so lu b le  
in  w a te r ,  is  a m o n o -a m in o  m o n o -c a rb o x y l ic  a c id  w ith  
a m o le c u la r  w eigh t of 131 I ts  s t r u c t u r a l  f o rm u la ,  
and  th a t  of the  c lo se ly  r e l a t e d  s u b s ta n c e s  n o r le u c in e  
an d  ly s in e ,  i s  show n in  f ig u re  4.
A n tif ib r in o ly t ic  A c tiv ity
In  1957 a J a p a n e s e  com pany  took  out a  p a te n t  on the 
u s e  of EACA as  an  a n t i - f ib r in o ly t ic  agent; in  the  p a ten t  
s p e c i f ic a t io n  i t  i s  s t a te d  th a t  the  in h ib i to ry  e ffec t  of 
EA CA  is  due to  a n t ip la s m in  a c t iv i ty  (O kam oto e t  a l .  ,
1957). I t  w as  su b se q u e n tly  show n by A lk ja e r s ig  e t  a l. 
(1959a) and A blondi et a l .  (1959) th a t  the m a in  a c t io n  
of EACA on th e  f ib r in o ly t ic  enzym e s y s t e m  is  as  a  c o m ­
p e t i t iv e  in h ib i to r  of p la sm in o g e n  ac tiv a tio n ; th e  f ind ings  
of the  tw o g ro u p s  of w o r k e r s  a r e  in  q u a n t i ta t iv e  a g re e m e n t  
S ig n if ic a n t  c o m p e ti t iv e  in h ib i t io n  of a c t iv a t io n  of h u m an  
and  bovine p la s m in o g e n  by s t r e p to k in a s e ,  u ro k in a s e
and  t i s s u e  a c t iv a to r  is  s e e n  at EACA c o n c e n tr a t io n s  
-4of 10 M o la r  and h ig h e r .  At c o n c e n tra t io n s  above 
-25 X 10 M o la r ,  EACA w as  found to be a n o n -c o m p e t i t iv e  
in h ib i to r  of p la s m in  and  t ry p s in ;  A lk ja e r s ig  e t  a l .
(1959a) found th a t  in  lo w e r  c o n c e n tra t io n s  i t  e n h a n ce s  
th e /
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th e  p ro te o ly t ic  a c t iv i ty  of p la s m in .  EACA a ls o ,  a t a
- 1c o n c e n tr a t io n  of 3 x 10 M o la r ,  n o n -c o m p e t i t iv e ly  
in h ib i ts  the  a c t iv a t io n  of p la sm in o g e n  by t r y p s in  
(A lk ja e rs ig  e t  a l .  , 1959a).
D ona ldson  and R atnoff  (1962) have  o b s e rv e d  th a t  
EA CA  e n h a n ce s  the  d ev e lo p m e n t of p ro te o ly t ic  a c t iv i ty  
in  a m ix tu r e  of c h lo ro fo rm  and p la s m a  e u g lo b u l in s ,
No ex p lan a t io n  of th is  phenom enon , o r  of th e  e n h a n c e m e n t  
of p la s m in  a c t iv i ty  by low  c o n c e n tra t io n s  of EA C A , 
i s  a t p r e s e n t  a p p a re n t .
S t r u c tu r e  of EACA and i t s  ac t iv i ty
S jo e r d s m a  and  N ils s o n  (I960) in v e s t ig a te d  a  n u m b e r  
of a l ip h a t ic  am in o  com pounds fo r  a c t iv i ty  as  in h ib i to r s  
of p la sm in o g e n  a c t iv a t io n  and  found such  a c t iv i ty  in  som e 
bu t no t all am ino  a c id s  w ith  a  c a rb o n  ch a in  le n g th  of 
4 to  8. M a x im u m  a c tiv i ty  w as  in  the  6 - c a r b o n  com pound , 
EACA* T he n ex t m o s t  a c t iv e  w e re  d e l ta  am in o  v a l e r i c  
a c id  (about h a l f  the  a c tiv i ty  of EACA) and d e l ta  am ino  
la e v u l in ic  a c id  (about one th i r d  th e  ac tiv i ty  of E A C A ).
T h a t  the  t e r m i n a l  p o s i t io n  of the  am ino  g ro u p  i s  c r i t i c a l  
w as  show n by the  o b s e rv a t io n  th a t  w h e re a s  EACA is  a 
p o te n t  in h ib i to r ,  a lp h a  am ino  c a p ro ic  ac id  (n o r le u c in e )  
i s  in a c t iv e .  F u r t h e r ,  g a m m a  a m in o b u ty r ic  a c id  h a s  
s ig n i f ic a n t  activity* but a lp h a  and  b e ta  a m in o b u ty r ic  ac id s  
do no t. T h a t  th e  c a rb o x y l  g ro u p  p ro b a b ly  a lso  h a s  a 
fu n c tio n  is  show n b e c a u s e  the  add ition  of an  am in o  g ro u p  
in  th e  a lp h a  p o s i t io n  of EACA (a lpha  e p s i lo n  di a m in o - 
c a p ro ic /
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capx'oic ac id  o r  ly s in e )  and  d e l ta  am ino  v a l e r i c  a c id  
(a lpha  d e l ta  d iam in o  v a l e r i c  a c id  o r  o rn ith in e )  
r e s u l t s  in  a c o n s id e r a b le  r e d u c t io n  in  a c t iv i ty .
" A n t ia l le rg ic "  a c t io n  of EACA Z w eifach  e t  a l .  (1961) 
h av e  show n th a t  s y s te m ic  an ap h y lax is  in  the  m o u s e ,  
ac u te  e n d o to x a e m ia  in  th e  r a t  and m o u se  and  " d r u m  
sh o ck "  ( t r a u m a t ic  sh o ck  in d u c ed  by ro ta tio n )  in  th e  
r a t  a r e  s u p p r e s s e d  by EACA. EACA h a s  a lso  b e e n  
show n to  p r o te c t  dogs f r o m  le th a l  d o se s  of en d o tox in  
(Spink and  V ick , 1961). Jo h n so n  e t a l .  (1962) r e p o r t ,  
w ithou t g iving d e ta i l s ,  th a t  s y s t e m ic  an a p h y lax is  in  
a n im a ls  is  in h ib i te d  at 14 h o u rs  a f te r  in je c t io n  of as  
l i t t l e  as  5 m g . E A C A /k g , body w eigh t ( i . e ,  0 ,3 5  g m . 
fo r  an  a v e ra g e  s iz e  adult m an); and  in  m a n  EACA 
in h ib i ts  the  tu b e r c u l in  r e a c t io n  (itoga and Y ogo, 1959) * 
H o w e v e r ,  N i ls s o n  (1961) found th a t  p r i o r  a d m in is t r a t io n  
of EACA to a  p a t ie n t  known to be s e n s i t iv e  to  m e p ro b a m a te  
f a i le d  to  p r e v e n t  s e v e r e  an ap h y lac t ic  shock  w hen  m e p ro b a m a te  
w as  g iven . T he m e c h a n is m  by w hich  EACA in h ib i ts  
an a p h y lax is  and  endo tox in  sh o c k  i s  not known; i t  m a y  be 
th a t  i t  does so  by in h ib it in g  a p o s s ib le  f ib r in o ly t ic  c o m ­
ponen t of su c h  s t a t e s ,  o r  the  p ro te c t iv e  a c t io n  of EACA 
m a y  be due to  so m e  qu ite  d i f fe re n t  and unknown 
b io c h e m ic a l  m e c h a n is m .
A b so rp t io n ,  d is t r ib u t io n  and e x c re t io n  
A n im a l s tu d ie s
L ang  and B itz  (1953), who gave  EACA in t r  ape r  i t  one a lly
to /
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to r a t s ,  found a lm o s t  a ll  the  dose  in  the  u r in e ,  and
C a m p b e l l  e t a l .  (i960) r e p o r t  th a t  in  r a b b i t s ,  90
p e r  cen t of a  s in g le  in tra v e n o u s  in je c t io n  of EACA is
r e c o v e r e d  u n ch a n g ed  in  the  u r in e  in  5 h o u r s .
O b s e rv a t io n s  in  m a n
T he  f ind ings  of N i ls s o n  e t a l .  ( i960) and Jo h n so n
e t  a l. (1962) th a t  in  m a n  EACA is  ra p id ly  a b s o rb e d
f r o m  th e  g a s t ro  in te s t in a l  t r a c t  and l a rg e ly  e x c r e te d
u n ch an g ed  in  th e  u r in e ,  a r e  d i s c u s s e d  in  C h a p te r  6.
M e ta b o lic  e f fe c ts  of EACA in  a n im a ls
D u e s b e rg  and F r e d e r i c i  (1956) o b s e rv e d  th a t  low
-5c o n c e n tra t io n s  of EACA (about 10 Molax’) s t im u la te d
th e  g ro w th  of bone m a r r o w  c u l tu r e s ,  but h ig h e r  c o n c e n -
- 2t r a t i o n s  (about 10 M o la r)  h a d  an in h ib i to ry  e f fe c t .
S h i r a s a k i  (1950) found th a t  EACA, in  a  c o n c e n t r a t io n  of 
-310 M o la r ,  s t im u la te d  th e  g row th  of c h ick  e m b ry o  h e a r t  
f ib ro b la s t s  in  t i s s u e  c u l t u r e . In  g u in ea  p ig s  EACA 
a d m in is t r a t io n  w as found to i n c r e a s e  t i s s u e  c o n c e n tra t io n s  
of m e ta l lo p o r p h y r in s ,  and  to re d u ce  p la s m a  and  u r in e  
l e v e l s  (K osak i e t  a l .  , 1952). In c h o le s te ro l  fed  r a b b i t s ,  
EA CA  g iven  o r a l ly  fo r  4 - 6  w e e k s ,  r e s u l t e d  in  an i n c r e a s e  
in  high  d e n s i ty  l ip o p ro te in  as  c o m p a re d  w ith  a c o n tro l  
g ro u p  of a n im a ls  (S ie g r ie s t  and S i i t e r i ,  I960). L ang  
and  B itz  (1953) r e p o r t e d  th a t  EACA g iven  to  g row ing  
r a t s  in  a d o sag e  of ICO m g . / d a y  fo r  se v e n  w eek s  h a d  no 
e f fec t  on g ro w th , but on s c ru t in y  of th e i r  r e s u l t s  i t  w ould  
a p p e a r  th a t  the  w eigh t ga in  in  the  EACA t r e a t e d  a n im a ls  
w a s /
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w as  only  79 p e r  cen t of th a t  found in  the  c o n t ro ls .
M cG inty  e t  a l .  (1924) found th a t  EACA d id  no t 
s u b s t i tu te  fo r  ly s in e  in  g ro w th  e x p e r im e n ts  in  r a t s  fed  
a  p r o te in  d e f ic ie n t  d ie t .
M e ta b o l is m  of EA CA  in  a n im a ls
L i t t l e  i s  known about the  p a r t ic ip a t io n  of EACA 
in  am ino  a c id  m e ta b o l i s m .  In  dogs i t  does  no t 
p a r t i c ip a te  in  g lu c o n e o g e n e s is  (C o r le y ,  1929) and  r a t  
and dog l iv e r  and k idney  t i s s u e  c u l tu re s  do no t p ro d u c e  
o x id a tiv e  d e a m in a t io n  of EACA (Lang and B i tz ,  1953).
U se  of EA CA  in  s y s te m ic  f ib r in o ly t ic  s t a te s
S h e r r y  e t  a l .  (1959b) f i r s t  r e p o r t e d  on th e  u s e  of 
EACA in  m an ; they  found th a t  in t ra v e n o u s  in fu s io n  of 
EACA in h ib i te d  the  f ib r in o ly t ic  ac t iv i ty  in d u c ed  by 
s y s t e m ic  a d m in is t r a t io n  of s t r e p to k in a s e ,  n ic o t in ic  
a c id  and  b a c te r i a l  p y ro g e n  A c tiv ity  w as  r e s t o r e d  
in  v i t r o  to th e  p la s m a  s a m p le s  by r e m o v a l  of the  EACA 
by d ia ly s i s .  N i ls s o n  e t a l .  (I960) show ed th a t  o r a l  o r  
in t ra v e n o u s  a d m in is t r a t io n  of EACA in h ib i te d  p a th o lo g ic a l  
f ib r in o ly t ic  a c t iv i ty  s e e n  in  a  p a t ie n t  w ith  c i r r h o s i s  of 
th e  l i v e r  and  in  an o th e r  w ith  acu te  le u k a e m ia .  O th e r  
in v e s t ig a to r s  h av e  r e p o r t e d  th a t  EACA is  e f fe c t iv e  in  th e  
c o n t ro l  of th e  h a e m o r r h a g ic  s t a t e s ,  p ro b a b ly  due to 
h y p e r p la s m in a e m ia ,  in  c a rc in o m a  of the  p r o s t a t e  
(A n d e rs so n  and N ils s o n ,  1961; A n d e rs o n  1962); 
s u r g ic a l  o p e ra t io n s  (A n d e rso n  e t  a l . , 1962; M cN ico l,  
1962); h e a r t  s u r g e r y  w ith  e x t r a c o r p o r e a l  c i r c u la t io n  
(C an s /
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(G an s e t  a l . , 1962) and a p la s t ic  a n a e m ia  and le u k a e m ia  
(M ik a ta  e t a l . ,  1959). G r o s s i  e t a l .  (1961) found  
EACA to be  of doubtful b en e f i t  in  the  t r e a t m e n t  of the  
h a e m o r r h a g ic  s ta te  a s s o c ia te d  w ith  c i r r h o s i s  of th e  
l i v e r .
In h ib it io n  of lo c a l  f ib r in o ly t ic  ac tiv i ty
T h e  v a lu e  of EACA as  an in h ib i to r  of u r o k in a s e  a f te r  
p r o s ta t e c to m y ,  th e  su b je c t  of S ec t io n  3 of th is  t h e s i s ,  
f i r s t  r e p o r t e d  by M cN ico l e t  a l .  (I960), h a s  b e e n  
c o n f i rm e d  by A n d e r s o n  and N ils s o n  (1961), A n d e r s o n  
( 1962) and S ac k  e t a l .  (1962).
S a ta  et a l .  (1959) have  r e p o r t e d  th a t  EA CA  is  
v a lu a b le  in  th e  t r e a tm e n t  of m e n o r r h a g ia ,  p r e s u m a b ly  
b e c a u s e  of lo c a l  in h ib i t io n  of f ib r in o ly t ic  a c t iv i ty  in  
th e  e n d o m e tr iu m .
U se  of EACA In co n d itio n s  n o t u su a lly  a s s o c ia t e d  w ith  
f ib r in o ly t ic  ac t iv i ty
Y o k o y am a and H atano  (1959) found  in  an  u n c o n t ro l le d  
t r i a l  th a t  EACA w as of b e n e f i t  in  the  m a n a g e m e n t  of 
e c z e m a  and  o th e r  sk in  cond itions  s u s p e c te d  to h av e  an 
a l l e r g ic  b a s i s ;  they  a t t r ib u te d  the  b e n e f ic ia l  e f fe c ts  
w h ich  they  o b s e rv e d  to  an  a n t i - in f la m m a to ry ,  a n t i ­
a l l e r g ic  a c t io n  of EACA.
T o x ic i ty  and  s id e  e f fe c ts  of EACA
A d v e rs e  e f fe c ts  fo llow ing a d m in is t r a t io n  of EA CA  
m ig h t  be  ex p e c te d  to  be of two k inds:
(a) th o s e  due to in h ib i t io n  of p la sm in o g e n  a c t iv a t io n .
(b)/
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(b) l e s s  sp e c if ic  e f fe c ts ,  due p e rh a p s  to the  
s u b s t i tu t io n  of EACA f o r  ly s in e  in  am ino  a c id  m e ta b o l i s m ,  
o r  d i r e c t  b io c h e m ic a l  e f fe c ts  of EACA, w hich  i s  no t 
a n a tu r a l  am ino  ac id .
A d v e r s e  e f fe c ts  due to in h ib i t io n  of p la sm in o g e n  
a c t iv a t io n
If i t  i s  b e l ie v e d  th a t  the  p la s m in o g e n -p la s m in  s y s t e m  
h a s  a p h y s io lo g ic a l  ro le  in  m a in ta in in g  th e  p a te n c y  of the 
v a s c u la r  t r e e ,  th e n  th e  p o s s ib i l i ty  m u s t  be a c c e p te d  
th a t  EACA m a y  c a u s e  v a s c u la r  o c c lu s io n  by in h ib i t in g  
th e  l y s i s  of i n t r  a v a s c u la r  f i b r i n . P a t i e n t s  w ith  p r e ­
e x is t in g  v a s c u la r  d i s e a s e  a r e  p r e s u m a b ly  p a r t i c u l a r ly  
a t  r i s k  to  th is  p o te n tia l  h a z a r d .  T h e re  a r e  r e p o r t s  
of two p a t ie n t s ,  bo th  w ith  a  h a e m o r rh a g ic  s ta te  a s s o c ia te d  
w ith  c a r c in o m a  of the  p r o s ta t e  and both w ith  r e n a l  f a i lu r e ,  
in  w hom  EA CA  th e ra p y  s u c c e s s fu l ly  c o n t ro l le d  the  
h a e m o r r h a g ic  m a n ife s ta t io n s  bu t w as  fo llow ed  by m u lt ip le  
a r t e r i a l  th r o m b o s e s  (A n d e rso n , 1962; N ae y e , 1962); 
b e c a u s e  of im p a i r e d  r e n a l  fu n c tio n , p la s m a  EACA 
le v e l s  m ay  h av e  r e m a in e d  h ig h  fo r  an  u n u su a l ly  long 
p e r io d  a f te r  a d m in is t r a t io n  of EA CA . F l e t c h e r  e t  a l .  
(1962b) c o m m e n t  on the  r e lu c ta n c e  of p h y s ic ia n s  to r e p o r t  
s in g le  c a s e s  of th e ra p e u t ic  m is a d v e n tu r e ,  and r e p o r t  
th a t  they  know of 5 u n p u b lish ed  c a s e s ,  s im i l a r  to  the  two 
r e p o r t e d  above , of a r t e r i a l  th ro m b o s is  a f te r  EACA 
th e ra p y .  In  an  u n c o n tro l le d  t r i a l  of EACA in  p a t ie n ts  
s tu d ie d  a f te r  p r o s ta t e c to m y ,  A n d e rs o n  (1962) r e p o r t s  
th a t /
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th a t  of 50 p a t ie n ts  g iven  EACA p o s t - o p e r a t iv e iy ,  9 
h a d  e v id e n c e  of th ro m b o s is  o r  e m b o l is m ,  and  5 of 
25 c o n t ro l  p a t ie n t s  h a d  p o s t - o p e r a t iv e  th r o m b o ­
em b o lic  c o m p lic a t io n s ;  the  in c id en c e  of su c h  e v e n ts  
in  the  two g ro u p s  i s  a lm o s t  id e n t ic a l .
O th e r  s id e  o r  to x ic  e f fe c ts  of EACA in  m a n
N ils s o n  e t  a l ,  ( i9 6 0 ) ,  who gave EACA in  d o s e s  v a ry in g  
f r o m  a s in g le  in t r a v e n o u s  dose  of 1 g m . to  36 g m . / d a y  
by m o u th ,  found no ch a n g es  in  b lood  p r e s s u r e ,  p u lse  
r a te  o r  r e s p i r a t i o n  and  no su b je c t iv e  c o m p la in ts .
Of 12 p a t ie n ts  s tu d ie d  by A n d e rs  son  and  N i ls s o n
(1961) and  A n d e r s  son  (1962) and  who w e r e  g iv en  EACA 
by m o u th  in  d o se s  v a ry in g  f r o m  15 -  40 g m . / d a y ,  1  
h a d  d iz z in e s s  bu t no h y p o te n s io n , and 3 h a d  d ia r r h o e a .  
Jo h n so n  (I960) found th a t  in tr a v e n o u s  in fu s io n  o v e r  
4 h o u r s  of 0. 143 g m . / kg . bodyw eight p ro d u c e d  d iz z in e s s  
in  5 of 16 s u b je c ts ;  and  6 h a d  s ig n if ic a n t  s low ing  of th e  
h e a r t  r a te  and  d ro p  in  s y s to l ic  b lood  p r e s s u r e .
N o u r -E ld in  an d  D ra is e y  (1963) have  r e p o r t e d  th a t  
in  one p a t ie n t  w ith  p r o s t a t i c  c a rc in o m a  who w as  g iven  
EA CA  b e c a u s e  of a  h a e m o r r h a g ic  s ta te  and  who d ied  
32 days  l a t e r ,  a t  n e c ro p s y  th e r e  w e re  s c a t t e r e d  a r e a s  
of h e p a t ic  and  c a rd ia c  n e c r o s i s .  T h re e  of the  p a t ie n ts  
g iv en  EACA by N i ls s o n  e t  a l .  (I960) d ie d  r e s p e c t iv e ly  
one day , s ix  d a y s ,  and  one m o n th  a f te r  they  h a d  a  d o se  
of 8 g m . In  one p a t ie n t  w ith  acu te  le u k a e m ia  and  
th ro m b o c y to p e n ia ,  who d ie d  of " c i r c u la to r y  in su f f ic ie n c y  
and /
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and  b ro n c h o  “p n e u m o n ia "  p u n c ta te  h a e m o r r h a g e s  w e re  
found in  b r a in  an d  p e r i c a r d iu m  a t p o s t  m o r t e m .  In  
the  o th e r  two p a t ie n t s ,  who h ad  r e s p e c t iv e ly  h e p a t ic  
c i r r h o s i s  and  a r t e r i o s c l e r o s i s  w ith  t e r m i n a l  b ro n c h o ­
p n e u m o n ia ,  t h e r e  w e r e  no s p e c ia l  f e a tu r e s  a t  n e c ro p s y .  
T o x ic i ty  in  a n im a ls  S w eeney  ( i960) found  th a t  in  r a b b i t s  
s in g le  d o s e s  of EA CA  of 0 .3  g m . / k g .  p ro d u c e  h y p e r th e r m ia ,  
b r a d y c a r d i a  and  in c r e a s e  in  s y s to l ic  b lood  p r e s s u r e .
P e c k  e t a l .  (1961) c la im  th a t  in  dogs , r a b b i ts  and  
m o n k e y s ,  EA CA , in  d o se s  so m ew h a t l a r g e r  th a n  th o se  
u su a lly  g iven  to  m a n  (a m in im u m  of 0, 5 g m . / kg . / day), 
p ro d u c e d  s u b e n d o c a rd ia l  h a e m o r rh a g e s ;  bu t F l e t c h e r
(1962) r e p o r t s  th a t  e x te n s iv e  t r i a l s  h av e  f a i le d  to  
c o n f i rm  th e s e  f in d in g s .  Jo h n so n  e t a l .  (1962) r e p o r t  
in  an a b s t r a c t ,  w ithou t g iving d e ta i l s ,  th a t  EA CA  is  
te r a to g e n ic  in  a n im a ls .
D is c u s s io n  EA CA  is  a s u b s ta n c e  w ith  p o te n t  b io lo g ic a l  
a c t io n s .  In  v i t r o  It i s  a  comx^etitive in h ib i to r  of 
p la s m in o g e n  a c t iv a t io n  and i t  show s p r o m is e  a s  a  
th e ra p e u t ic  a g e n t in  the  c o n t ro l  of f ib r in o ly t ic  a c t iv i ty  
in  m a n .  T he  m e c h a n is m  of the  " a n t i - a l l e r g i c "  a c t io n  
of EACA h a s  no t b e e n  e lu c id a te d  and i t s  p o te n t ia l  c l in ic a l  
a p p l ic a t io n s  a s  an ih h ib i to r  of an ap h y lax is  and endo tox in  
sh o ck  h av e  no t b e e n  e x p lo re d .
A lthough  EA CA  is  l a r g e ly  e x c r e te d  in  the  u r in e ,  i t s  
in f lu en c e  on bone m a r r o w  and f ib ro b la s t  t i s s u e  c u l tu r e s ,  
and  on p o r p h y r in  and  c h o le s te ro l  m e ta b o l i s m ,  show 
th a t /
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th a t  i t  h a s  im p o r ta n t  m e ta b o l ic  e f fe c ts ,  so m e  of w hich  
m ay  be d e le te r io u s  to th e  o rg a n is m ;  and i t  h a s  b e e n  
r e p o r t e d  to  be t e r a to g e n ic .  Only a f te r  m u c h  m o r e  
e x te n s iv e  u s e  of EACA w ill  a  d e c is io n  be  p o s s ib le  as  
to  the  ex ten t of th e  r i s k  of inducing  v a s c u la r  o c c lu s io n  
w ith  EACA. In  th e  m e a n t im e ,  d e s p i te  the  p o te n t ia l  
h a z a r d s ,  EA CA  h a s  su ch  p r o m is e  as an agen t to  c o n tro l  
f ib r in o ly t ic  a c t iv i ty  in  m a n  th a t  i t s  f u r th e r  u s e  s e e m s  
ju s t i f ie d  w h e re  f ib r in o ly t ic  a c tiv i ty  p r e s e n t s  a  m a jo r  
c l in ic a l  p ro b le m .  To e s ta b l i s h  a p p ro p r ia te  d o sa g e  
s c h e d u le s  and ro u te s  of a d m in is t r a t io n ,  a  s tudy  of the  
a b s o rp t io n ,  d i s t r ib u t io n  and e x c re t io n  of EACA a f te r  
i t s  a d m in is t r a t io n  to  m a n  w as  in d ic a te d ,  and  w as  m a d e  
p o s s ib le  by th e  d ev e lo p m en t of a su i ta b le  a s s a y  s y s te m  
fo r  EACA in  p la s m a  and o th e r  b io lo g ica l  f lu id s .  T he  
a s s a y  s y s t e m  is  d e s c r ib e d  in  c h a p te r  5, and i t s  a p p l ic a t io n  
to  the  s tudy  of the  a b s o rp t io n ,  d i s t r ib u t io n  and e x c re t io n  
of EACA in  C h a p te r  6.
To f u r th e r  e x p lo re  th e  p h a rm a c o lo g ic a l  and  b io c h e m ic a l  
p r o p e r t i e s  of EA CA , i t s  e f fe c ts  on th ro m b o p la s t in  
g e n e ra t io n  and  th e  th r o m b in - f ib r in o g e n  r e a c t io n  w e re  
in v e s t ig a te d  (C h a p te r  7) and  i t s  a c t iv i ty  as  an  in h ib i to r  
of p e p s in  d e m o n s t r a te d  (C h a p te r  8).
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C H A P T E R  5 
ASSAY OF EACA
In th is  c h a p te r  i s  d e s c r ib e d  the  d e v e lo p m en t of an 
a s s a y  s y s t e m  f o r  EA CA  in  b io lo g ica l  f lu id s ,  u s in g  a 
m o d if ie d  c h r o m a to g ra p h ic  te ch n iq u e  w ith  io n  ex ch an g e  
r e s i n  lo a d e d  p a p e r .
In t ro d u c t io n  C o n v en tio n a l p a p e r  c h ro m a to g ra p h y  of 
EACA in  p la s m a ,  ev e n  in  two d im e n s io n a l  s y s t e m s ,  
a c h ie v e s  r e la t iv e ly  p o o r  r e s o lu t io n  f r o m  n a t u r a l  am in o  
a c id s ,  p a r t i c u la r ly  p ro l in e  and  v a l in e  (Sm ith , I960). 
S a m p le  p r e p a r a t io n  i s  te d io u s ,  invo lv ing  u l t r a f i l t r a t i o n  
and  d e s a l t in g ,  and  s a m p le  s iz e  i s  r e s t r i c t e d ,  an  
im p o r ta n t  c o n s id e r a t io n  if EACA c o n c e n tra t io n s  a r e  low .
H igh  v o lta g e  e l e c t r o p h o r e s i s  h a s  b e e n  u s e d  f o r  the  
a s s a y  of EA CA  in  u r in e  (S jo e rd s m a  and H a n so n , 1959) 
an d  the  m e th o d  is  f a i r ly  s a t i s f a c to r y ,  H o w e v e r ,  
r e s o lu t io n  f r o m  the  n a tu r a l  am ino  a c id s  i s  no t c o m p le te  
an d  the  m e th o d  canno t r e a d i ly  be a d a p te d  fo r  a s s a y  
of p la s m a  s a m p le s  b e c a u s e  of the l im i ta t io n s  a s  to  s a m p le  
s iz e ,  th e  n ee d  fo r  u l t r a f i l t r a t i o n  (to re m o v e  p r o te in  w h ich  
c a u s e s  s t r e a k in g )  and  the p o o r  r e s o lu t io n  o b ta in ed , 
A ccord ing ly*  a  s im p le  m e th o d  fo r  a s s a y  of EA CA  in  
p la s m a  and  o th e r  b io lo g ic a l  f lu id s  w as  d ev e lo p ed , 
u s in g  c h ro m a to g ra p h y  w ith  ion  exchange  r e s i n  lo a d e d  
paper#
I o n /
- 3 6 -
Ion  exchange  p a p e r  c h ro m a to g ra p h y
Ion  ex change  r e s i n  lo a d e d  p a p e r  c h ro rn a to g ra p h y  h a s  
b e e n  u s e d  in  the  s e p a r a t io n  and  q u a n t i ta t io n  of am in o  
a c id s  in  c a s e in  h y d r o ly s a te s .  S ing le  p a p e r s  (M yhre  
and  S m ith ,  1958; T u c k e rm a n n ,  1958; R o b e r t s  and 
K o lo r ,  1959) h av e  b e e n  u se d ,  and  two p a p e r s  em p lo y e d  
in  a  " ta n d e m  t r a n s f e r "  te ch n iq u e  (T u c k e rm a n  e t  a l .  ,
1958), in  w h ich  c h ro m a to g ra p h y  is  begun  on one p a p e r  
and  the  so lv e n t  a l lo w ed  to  p a s s  d u r in g  the  ru n  on  to 
a n o th e r  p a p e r  lo a d e d  w ith  a  d if fe re n t  type of r e s i n .
T he m e th o d  to be d e s c r ib e d  in v o lv es  th e  u s e  of ion 
exchange  r e s i n  lo a d e d  p a p e r s  in  the  a s s a y  of EA CA  in  
p la s m a  and  o th e r  b io lo g ic a l  f lu id s .  P l a s m a  s a m p le s  
n e e d  only  be p r e c ip i t a t e d  w ith  t r i c h l o r a c e t i c  a c id  
(TCA); the  deve lop ing  so lv e n ts  a r e  aqueous b u ffe r  
so lu t io n s ;  and d ev e lo p m e n t ta k e s  only 1 - 2  h o u r s ,  
R e s o lu t io n  of the  b a s ic  am ino  ac id s  i s  good. The 
m e th o d  is  f le x ib le  and  w ith  v a r ia t io n s  in  io n ic  s t r e n g th  
and  pH a  v a r i e ty  of s e p a r a t io n s  m a y  be a c h ie v e d .
B e c a u s e  of th e  s im p l ic i ty  of s a m p le  p r e p a r a t io n  and  
a s s a y  te c h n iq u e ,  l a r g e  n u m b e rs  of s a m p le s  m a y  e a s i ly  
be s tu d ie d .
M a te r i a l s  and  m e th o d s
C h ro m a to g ra p h y  p a p e r  T he  p a p e r  u s e d  w as  R e ev e  A ngel 
g ra d e  SA2, w h ich  is  lo a d e d  d u rin g  m a n u fa c tu re  w ith  
A m b e r l i t e  ion  ex ch an g e  r e s i n  IR  120, N a + f o r m ,  a 
s t ro n g ly  a c id ic  c a t io n  ex ch an g e  r e s in .
D eve lop ing /
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D evelop ing  so lv e n ts  w e re  a c e ta te  b u f fe rs  (pH 6 ,2 ,
0 .2  M o la r ,  pH 4 .3 ,  1 ,0  M o la r)  and so d iu m  a c e ta te ,
0 .2  M o la r ,  pH abou t 7. A scen d in g  c h ro m a to g ra p h y  
w as u s e d  in  a ll  in s t a n c e s .
P r e p a r a t i o n  of S a m p le s  P l a s m a  s a m p le s  and  t i s s u e  
h o m o g e n a te s  w e r e  p r e p a r e d  by p r e c ip i ta t io n  w ith  TCA  
(2 .0  m l .  p la s m a  and 0 ,5  m l ,  50 p e r  cen t TCA). U rin e  
s a m it ie s  d id  not r e q u i r e  any t r e a tm e n t  o th e r  th a n  d ilu t io n  
in  so m e  c a s e s  b e fo re  a s s a y .
A p p lic a t io n  of s a m p le s  U sing  to u c h -d e l iv e ry  p ip e t te s  
(A .S . A loe  C o . ,  S t, L o u is ,  M o , ) and  a s a m p le  a p p l ic a to r  
( R e s e a r c h  S p e c ia l i t i e s  C o , , R ich m o n d , C a l i f . ) ,  s a m p le s  
w e r e  a p p l ie d  to the  o r ig in  on a 12" edge of 12" x  15" 
p a p e r s .  S a m p le s ,  w h ich  w ith  p la s m a  w e re  u su a l ly  
0, 5 m l , , bu t can  be up to 1 .0  m l .  , w e re  a p p l ie d  in  
s t r e a k s  abou t 2" long  and  p a r a l l e l  to  the  12" m a r g in  of 
the  p a p e r .  S t r e a k  w id th  w as k ep t a s  n a r r o w  as  p o s s ib le ,  
by app ly ing  e a c h  sami>le in  s m a l l  i n c r e m e n t s ,  a llow ing  
fu l l  d ry in g  of the  p a p e r  b e tw e en  e a c h  a p p l ic a t io n .  The 
s a m p le  a p p l ic a to r ,  w h ich  in c o rp o r a te s  hot a i r  d ry in g  
of the  p a p e r ,  m a k e s  p o s s ib le  th e  p r e c i s e  a p p l ic a t io n  
of l a r g e  s a m p le s  to a l in e a r  o r ig in .
B e c a u s e  of the h igh  c o n c e n tra t io n  of so lu te  a p p l ie d  
a t th e  s a m p le  o r ig in ,  deve lop ing  so lv e n ts  te n d  to r i s e  
convexly  th ro u g h  s a m p le s  a t  th e  o r ig in ,  th u s  p ro d u c in g  
c u rv e d  b an d s  w hen  d ev e lo p m e n t is  c o m p le te .  By w e tt in g  
the  s a m p le s  at th e  o r ig in  w ith  about 0. 2 m l .  of the  
f i r s t /
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f i r s t  so lv e n t  u s e d ,  b e fo re  p a p e r s  w e re  p la c e d  in  th e  ta n k  
fo r  dev e lo p m e n t , th is  d if f icu lty  w as o v e rc o m e .
D ry in g  and  S ta in ing  A f te r  d ev e lo p m e n t,  a s  d e s c r ib e d  
be low , p a p e r s  w e re  d r ie d  a t 80^C fo r  30 m in u te s  and 
th e n  s ta in e d  by the  n ih y d r in - c o p p e r  m e th o d  (append ix  
4) *
C h ro m a to g ra p h ic  tech n iq u e
T he a c e ta te  b u ffe r  s y s t e m ,  w hich  ev e n tu a l ly  p ro v e d  
m o s t  s a t i s f a c to r y ,  w as  ev o lv ed  s e m i - e m p i r i c a l l y .
I t  w as  found th a t  at io n ic  s t r e n g th  below  0 .2  M o la r ,  
s a m p le s ,  p e rh a p s  due to t h e i r  TCA co n ten t,  r a n  
u n even ly  and  w ith  s t r e a k s  ( f ig u re  5). W hen so lv e n t  
io n ic  s t r e n g th  w as  0. Z M o la r  o r  h ig h e r ,  TCA h a d  no 
effec t  on am ino  a c id  r e s o lu t io n  and  no s ig n if ic a n t  e f fe c t  
on R£ v a l u e s ,
F ig u r e  6 show s the m o b il i ty  of the  m a in  p la s m a  am in o  
a c id s  in  a c e ta te  b u f fe r ,  0, 2 M o la r ,  pH 6 .2 ,  I t  w ill  be 
s e e n  th a t  th e  am in o  a c id s  h av e  s e p a r a te d  in to  t h r e e  m a in  
g ro u p s ;  b a s ic  am ino  a c id s  (a rg in in e ,  h i s t id in e ,  ly s in e  
and  o rn ith in e )  w ith  low  R f v a lu e s ;  a r o m a t ic  am ino  ac id s  
( ty ro s in e  and phenyl a lan ine)  w ith  Rf v a lu e s  abou t 50; 
and n e u t r a l  and  a c id ic  am ino  a c id s  w ith  Rf v a lu e s  o v e r  
80. In  th is  s y s t e m  EACA is  p o o r ly  s e p a r a te d  f r o m  the 
b a s ic  am ino  a c id s .
W hen 0 .2  M o la r  so d iu m  a c e ta te  (pH about 7) w as  u s e d  
a s  deve lop ing  so lv e n t ,  the  m o b il i ty  of EA C A  r e la t iv e  to  
the  o th e r  b a s ic  am ino  a c id s  w as  g r e a t ly  i n c r e a s e d  bu t 
s e p a r a t io n /
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s e p a r a t io n  f r o m  ty ro s in e  and phenyl a lan in e  w as  not 
s a t i s f a c to r y .  W ith th is  so lv e n t  i t  w ill  be s e e n  th a t  
t y r o s in e  and  pheny l a lan in e  can  be d i f fe re n t ia te d .
In  o r d e r  to  tak e  ad v an tag e  of the a t t r ib u te s  of e a c h  of 
th e  two s o lv e n ts ,  a s y s t e m  w as  d ev e lo p ed  in  w h ich  the 
p a p e r s  w e re  ru n  in i t ia l ly  in  0 .2  M o la r  a c e ta te  b u f fe r ,  
pH 5. 2, u n til  the  so lv en t f ro n t  had  t r a v e l l e d  8 - 1 0  cm . : 
th e  w et p a p e r s  w e re  th e n  t r a n s f e r r e d  fo r  th e  r e m a in d e r  
of th e  ru n ,  a f u r th e r  15 cm . o r  so ,  to  0 .2  M o la r  
so d iu m  a c e ta te .  U n d e r  th e s e  c o n d it io n s ,  EA CA  
s e p a r a t e d  c lean ly  f r o m  th e  b a s ic  am ino  ac id s ;  
s e p a r a t io n  f r o m  the  a r o m a t ic ,  n e u t r a l  and a c id ic  am ino  
a c id s  w a s  w ide ( f igu re  7)* D ev e lo p m en t of the  p a p e r s  
in  th is  w ay to o k  l e s s  th a n  2 h o u r s .  E v en  w hen  the  f lu id  
to be a s s a y e d ,  e . g .  a  t i s s u e  h o m o g e n a te ,  co n ta in e d  h igh  
l e v e l s  of n a tu r a l ly  o c c u r r in g  am ino  a c id s ,  r e s o lu t io n  
of EA CA  r e m a in e d  a c c e p ta b le ;  fo r  e x a m p le ,  c h r o m a to ­
g ra p h y  of a r a b b i t  l i v e r  h o m o g e n a te  is  show n in  f ig u re  
8, H o w ev er ,  w hen  sa m p le  EACA con ten t e x c e e d e d  
200 pg . , t r a i l in g  o c c u r r e d ;  su ch  s a m p le s  w e r e  
a p p ro p r ia te ly  d ilu ted  b e fo re  r e - a s s a y .
M e a s u r e m e n t  of o p tic a l  d en s i ty  and  c a lc u la t io n  of r e s u l t s  
B e c a u se  of v a r ia t io n  in  s ta in  in te n s i ty  f r o m  p a p e r  to  
p a p e r ,  s ta n d a r d  EACA so lu t io n s  w e re  ru n  on e a c h  p a p e r ,  
th e  am o u n t of s t a n d a r d  ru n  being  c h o sen  to be n e a r  the 
le v e l  e x p e c te d  in  th e  a s s a y  s a m p le .  A f te r  d ev e lo p m e n t 
and/
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and  s ta in in g ,  a  s t r i p  w as cu t f r o m  e a ch  p a p e r  c a r r y in g  
th e  EACA band  f r o m  the  s a m p le  u n d e r  a s s a y  and  th e  
bands  f r o m  Z s ta n d a r d  EACA so lu t io n s .  T h e  s t r i p s  
w e re  sc a n n e d  w ith  a  500 m p . f i l t e r ,  in  a  r e c o r d in g  
in te g ra t in g  t r a n s m i s s i o n  d e n s i to m e te r  (B ec k m an  
a n a ly t ro l ,  B e c k m a n  I n s t r u m e n ts  I n c . , F u l l e r to n ,
C a l i f . ) ,  u s in g  a  cam (B 2) w hich  l in e a r  a lly  r e l a t e d  
o p tic a l  d e n s i t ie s  on th e  s ta in e d  s t r i p  to u n i ts  of a r e a  
on th e  d e n s i to m e te r  trac ing*  T he EACA co n ten t of 
th e  a s s a y  s a m p le  Is  c a lc u la te d  by p r o p o r t io n  f r o m  the 
a r e a s  in  th e  d e n s i to m e te r  t r a c in g  of the  unknow n and 
th e  EA CA  s ta n d a r d s .  F ig u r e  9 show s su ch  a  s t r i p  and 
th e  d e n s i to m e te r  t r a c in g  m a d e  f ro m  i t .  In  th is  c a s e ,  
th e  a r e a  u n d e r  th e  d e n s i to m e te r  c u rv e  f r o m  a  50 pg . 
s t a n d a r d  i s  140 u n its  of a r e a ,  and w ith  a  100 pg . 
s ta n d a r d ,  265 u n i ts .  T he a r e a  w ith  0. 5 m l ,  of a p la s m a  
to  w hich  EACA h ad  b e e n  added  to g ive a c o n c e n tr a t io n  
of 20 m g . / 100 m l .  , i s  210 u n i t s .  F r o m  a c u rv e  d raw n  
w ith  the  s ta n d a r d s ,  th is  in d ic a te s  an  EA CA  co n ten t 
in  0*5 m l .  of th e  p la s m a  of 78 pg . A llow ing fo r  d i lu t io n  
of the  p la s m a  by TCA  d u r in g  p r e p a r a t io n  (2 .0  p i l .  p l a s m a  
+ 0 .5  m l .  TCA) the  p la s m a  EACA co n ten t i s  a s s a y e d  a t 
19* 5 m g . /  100 m l .  as  c o m p a re d  w ith  the  t r u e  v a lu e  of 
20 m g .  /  100 m l .
P r e p a r a t i o n  of s t r i p s  w ith  c l a r i f i e r  (m in e ra l  o il  and 
b ro m o n a p h th a le n e  4: 1) and  a t r a n s p a r e n t  p la s t i c  s p r a y  
(K ry lo n  C r y s ta l  C le a r  N o. 1303; K ry lo n  In c . , M o r r i s ­
tow n/
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tow n, P a . ) ,  i n c r e a s e d  d e n s i to m e te r  r e a d in g s  by about 
10 p e r  ce n t ,  but im p a i r e d  r e p ro d u c ib i l i ty .  I t  w as  
th e r e f o r e  though t d e s i r a b le  to s c a n  u n t r e a te d  p a p e r s . 
R e p ro d u c ib i l i ty  of the  a s s a y  te ch n iq u e
A s e r i e s  of p la s m a s  w ith  known a m o u n ts  of EACA 
ad d ed  w as a s s a y e d  by the  tech n iq u e  d e s c r ib e d .  T he 
r e s u l t s  a r e  show n in  f ig u re  10. T he c o r r e la t io n  
c o e ff ic ie n t  c a lc u la te d  f r o m  the  d a ta  is  0. 98 (p < 0 .0 0 1 ) ;  
the  e q u a tio n  fo r  the r e g r e s s i o n  l in e  i s  y -  0. 93x - 0 .6 .
T he  95 p e r  cen t con fidence  l im i t s  fo r  the  t r u e  
c o n c e n tr a t io n  a t  v a r io u s  le v e ls  a r e  show n in  ta b le  1.
T he co e ff ic ie n t  of v a r ia t io n  fo r  the  d u p lic a te  a s s a y s  of 
EACA in  p la s m a  and u r in e  show n th ro u g h o u t th is  th e s i s ,  
exc lud ing  s a m p le s  w ith  an  EACA con ten t above 50 m g , /  
100 m l .  w h ich  w e re  d i lu te d  b e fo re  a s s a y ,  i s  8. 98 p e r  
ce n t  ( c a lc u la te d  by D r .  R . A„ R o b b ) .
C d tn p a r is o n  w ith  h igh  v o lta g e  e l e c t r o p h o r e s i s
EACA a s s a y s  w e r e  c a r r i e d  out in  tw e n ty -o n e  u r in e  
s a m p le s  by th e  h igh  v o lta g e  e l e c t ro p h o r e t i c  te c h n iq u e  
of S jo e r d s m a  and  H a n se n  (1959), (append ix  4) and  a ls o  
by th e  ion  exchange  p a p e r  c h ro m a to g ra p h ic  te c h n iq u e ;  
r e s u l t s  a r e  show n in  ta b le  2 . T he c o e ff ic ie n t  of v a r ia t io n  
b e tw een  the  p a i r s  of a s s a y s  c a r r i e d  out by th e  tw o t e c h ­
n iq u es  is  2 3 .5  p e r  cen t (c a lc u la te d  by D r .  R .A .  R obb). 
T hough th e  c h ro m a to g ra p h ic  tech n iq u e  a p p e a r s  to  be 
so m e w h a t m o r e  s e n s i t iv e  in  d e tec t in g  low  c o n c e n tr a t io n s  
(on 4 o c c a s io n s  EACA w as  found by th is  m e th o d  w hen  
none/
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no ne w as  d e te c te d  by e l e c t r o p h o r e s i s ) , a  " t"  t e s t  on 
the  d i f fe re n c e s  b e tw een  the  v a lu e s  o b ta in ed  show s no 
s ig n i f ic a n t  d if fe re n c e  f r o m  z e ro ,  i . e .  t h e r e  is  no 
s y s t e m a t ic  b ia s  b e tw e e n  the  two te c h n iq u e s  
(t « 0 0143 and p > 0 .9 ) .
O th e r  am ino  a c id  s e p a r a t io n s
T h e  b u ffe r  s y s t e m  c a n  be a d ju s te d  to p ro d u c e  o th e r  
s e p a r a t io n s .  F o r  exam ple*  an  in i t ia l  ru n  w ith  0 .2  
M o la r  a c e ta te  buffer*  pH 5.2* fo llow ed  by 1 .0  M o la r  
a c e ta te  b u f fe r ,  %)H 4*3, p ro d u c e d  c l e a r  s e p a r a t io n  of 
h is t id in e  f r o m  ly s in e  an d  o rn i th in e  ( f igu re  11).
D is c u s s io n
T h e  m e th o d  d e s c r ib e d ,  u s in g  ion  ex change  r e s i n  lo a d e d  
p a p e r  c h ro m a to g ra p h y ,  p e r m i t s  th e  r a p id ,  s im p le  a s s a y  
of EACA in  p la s m a  and o th e r  b io lo g ica l  f l u i d s . T he  
te c h n iq u e  a l lo w s fo r  the  ad v an tag e  of two d e v e lo p e r s  
w ithou t the  n e e d  fo r  two d im e n s io n a l  c h ro m a to g ra p h y ,  
fo r  th e  w e t p a p e r s  m a y  be t r a n s f e r r e d  f r o m  one b u ffe r  
to  a n o th e r  d u r in g  the  c o u r s e  of a  ru n . T h e  u n i ­
d i r e c t io n a l  flow of the  b u f fe rs  p e r m i t s  s a m p le s  to  be 
a p p l ied  as  s t r e a k s  r a t h e r  th a n  sp o ts ,  thus  m ak in g  
p o s s ib le  the  a p p l ic a t io n  of m u c h  l a r g e r  s a m p le s  and 
f a c i l i ta t in g  q u a n t i ta t io n  by scan n in g  d e n s i to m e t r y .
T he  c o e ff ic ie n t  of v a r ia t io n  fo r  d u p lic a te  a s s a y s ,
8 .9 8  p e r  ce n t ,  is  a c c e p ta b le .
J o h n so n  and S k o za  (1961) have  d e s c r ib e d ,  in  an  a b s t r a c t  
on ly , a  m e th o d  fo r  the  a s s a y  of EA CA  in  p la s m a  w hich  
invo lve  8 /
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in v o lv e s  coup ling  w ith  d in i t ro f lu o ro b e n a e n e ,  r e m o v a l  
of a lp h a  am ino  a c id s  by c h e la t io n  w ith  c o p p e r  and re m o v a l  
of o th e r  r e a c t iv e  a m in e s  by ion  exchange  r e s i n  
ch ro m a to g ra p h y #  Though d e ta i l s  of th is  m e th o d  a r e  
n o t a v a i la b le ,  i t  s e e m s  m o r e  co m p lex  th a n  the  p r e s e n t  
m e th o d .
T h e  a v a i la b i l i ty  of th is  r a p id  s im p le  a s s a y  s y s te m  
f o r  EACA in  b io lo g ic a l  f lu id s  m a d e  p o s s ib le  th e  s tudy  
d e s c r ib e d  in  th e  fo llow ing c h a p te r ,  of the  a b s o rp t io n ,  
d i s t r ib u t io n  and  e x c re t io n  of EA C A . A lso  m a d e  
p o s s ib le  w as  the  a s s a y  of EACA le v e ls  in  p la s m a  and 
u r in e  of the  p a t ie n ts  r e p o r t e d  in  s e c t io n  3, who w e re  
g iv en  EA CA  to  c o n t ro l  f ib r in o ly t ic  a c t iv i ty  in  the  
u r in a r y  t r a c t .
— 4 4 —
C H A P T E R  6
TH E A B SO R PTIO N , DISTRIBUTION AND E X C R E T IO N
OF EACA
In  th is  c h a p te r  i s  d e s c r ib e d  a s tudy  of th e  a b s o rp t io n ,  
d i s t r ib u t io n  and e x c re t io n  of EACA fo llow ing  i t s  
a d m in is t r a t io n  to  m a n .  S tu d ie s  on EACA d is t r ib u t io n  
in  vivo in  the  r a b b i t ,  and  EACA up take  by th e  i s o l a te d  
r a t  d ia p h ra g m  a r e  a lso  r e p o r te d .
M a te r i a l s  and  M ethods
EA CA  A s s a y s  w e r e  c a r r i e d  ou t a s  d e s c r ib e d  in  C h a p te r  
5, u s in g  io n  ex ch an g e  r e s i n  p a p e r  c h ro m a to g ra p h y .  
P l a s m a  S a m p le s  w e r e  p r e p a r e d  f o r  c h ro m a to g ra p h y  
by p r e c ip i t a t io n  w ith  T C A  (2 m l .  p la s m a  + 0 . 5  m l .
50 p e r  ce n t T C A ). T he a n t ic o a g u lan t  u s e d  w as  
p o ta s s iu m  o x a la te  (10 m l .  w hole  b lood  + 20 m g . 
p o ta s s iu m  o x a la te ) .
R e d  ce l l  a s s a y s  In r e d  ce l l  a s s a y s ,  1 m l .  of p a c k e d  
r e d  c e l l s  ( c e n t r i fu g a t io n  a t 3000 r . p . m .  fo r  30 m in u te s )  
w as  m ix e d  w ith  1 m l .  w a te r  and 0 , 5 m l .  50 p e r  ce n t 
T C A . No c o r r e c t io n  w as  m a d e  fo r  t r a p p e d  p la s m a .  
T i s s u e  a s s a y s  T i s s u e s  w e re  th o ro u g h ly  w a s h e d  u n d e r  
a  runn ing  ta p ,  b lo t te d  d ry  w ith  a  p a p e r  to w e l ,  and 
w e ig h e d . A h o m o g e n a te  w as  p r e p a r e d  w ith  a  W a rin g  
b le n d o r ;  to  2 m l .  of th e  h o m o g e n a te  w as  ad d ed  0 . 5 m l .  
50 p e r  ce n t T C A . A f te r  c e n tr i fu g a t io n ,  th e  EACA 
co n ten t/
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co n ten t of th e  s u p e rn a ta n t  w as an a ly se d .
U rin e  A s s a y s  U rin e  s a m p le s  w e r e  c e n t r i fu g e d  a t 
2000 r . p . m ,  fo r  ten  m in u te s  b e fo re  a s s a y ;  no o th e r  
p r e p a r a t io n  w as  n e c e s s a r y .
C re a t in in e  d e te rm in a t io n s  in  p l a s m a  and u r in e  w e r e  
c a r r i e d  out by th e  m e th o d  of B o n sn es  and  T a u s s k y  
(1945).
H u m an  S tu d ie s
S tu d ie s  on the  a b s o rp t io n ,  d is t r ib u t io n  and e x c re t io n  
of EACA w e r e  c a r r i e d  ou t in  h ea lth y  ad u lt  s u b je c ts .  
W h e re  p a t ie n ts  w e r e  u s e d  the  d ia g n o s is  i s  g iv e n  w ith  
th e  r e s u l t s ,
R e s u l ts
E ffe c ts  of S ing le  D o ses
S in g le  in t r a v e n o u s  d o se  T he e f fe c ts  of a  s in g le  r a p id  
in je c t io n  of 10 g m . EACA in t ra v e n o u s ly  in to  an  adu lt 
m a le  (the au th o r)  a r e  show n in  f ig u re  12 (su b je c t  1).
I t  w ill  be s e e n  th a t  a p la s m a  le v e l  of 150 m g ,  / 100 m l ,  
w as  o b s e rv e d  15 m in u te s  a f te r  the in je c t io n ;  by 30 
m in u te s  the  le v e l  h a d  fa l le n  to  51 m g . / 100 m l ,  and  
co n tin u ed  to  fa l l  off ra p id ly ,  r e a c h in g  le v e l s  of 3 .9  m g . /  
100 m l .  and 3 ,4  m g . / 100 m l .  a t 4 and 6 h o u r s  
r e s p e c t iv e ly ;  none w as  found 24 h o u rs  a f te r  in jection*  
EA CA  p ro m p tly  a p p e a re d  in  the  u r in e ;  a t th e  end  of 
1 h o u r ,  48 p e r  cen t of the dose  h ad  b ee n  e x c r e te d ,  and 
a t the  end  of S j  h o u r s ,  82 p e r  cen t h ad  b e e n  r e c o v e re d ;  
and/
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and  a lm o s t  co m p le te  r e c o v e ry  w as  a c h ie v e d  at 6 h o u r s .  
The EA CA  u r in a r y  c o n c e n tra t io n ,  w hich  r e a c h e d  a  m a x ­
im u m  of 15. 6 m g .  / 100 m l .  in  the  1 - 3 ^  h o u r  c o l le c t io n  
p e r io d ,  fe l l  to  0 .8 1  m g . / m l .  in  th e  c o l le c t io n  p e r io d  
2 1 - 2 4  h o u r s  a f te r  a d m in is t r a t io n .  None w as  found in  
the  u r in e  48 h o u r s  a f te r  in je c t io n .
S ing le  o r a l  d o se  In  the  s a m e  s u b je c t  ( f ig u re  12, m id d le  
s e c t io n ) ,  the  a d m in is t r a t io n  of 10 g m . EA CA  o r a l ly  in  
a  s in g le  d o se  p ro d u c e d  a d i f fe re n t  r e s p o n s e .  T he 
p e a k  p la s m a  c o n c e n tra t io n  of EACA w as  found 2 h o u rs  
a f t e r  in g e s t io n  (33 m g . / 100 m l . ) ;  a t 4 h o u r s  th e  le v e l  
w as  16 m g . / 100 m l .  , c o m p a re d  w ith  3. 9 m g . / 100 m l .  
a t 4 h o u r s  a f te r  in t r a v e n o u s  in je c t io n .  By 6 h o u r s  the  
le v e l  (4. 5 m g . / 100 m l .  ) w as s im i l a r  to th a t  found  a f te r  
in t r a v e n o u s  a d m in is t r a t io n .  None w as  found in  the 
p la s m a  24 h o u r s  a f te r  in g e s t io n .  R e n a l  e x c re t io n  
d i f f e re d  f r o m  th a t  found a f te r  in t r a v e n o u s  in fu s io n .
In  1 h o u r  only 21 p e r  cen t of the  dose  h ad  b e e n  e x c r e te d  
and  a t 3 h o u r s  46 p e r  c e n t .  S e v e n ty -s e v e n  p e r  ce n t w as 
r e c o v e r e d  in  th e  u r in e  at 12 h o u r s  and 78 p e r  ce n t  a t 
24 h o u r s .
T he e f fe c t  of a  s in g le  5 gm . o r a l  dose  i s  s e e n  in  
a n o th e r  h e a l th y  adu lt  s u b je c t  ( f igu re  12, s u b je c t  2).
A p ea k  p la s m a  EA CA  le v e l  w as  ag a in  found a t 2 h o u r s  
a f t e r  in g e s t io n  (22 m g . / 100 m l . ) ;  a t  4 h o u r s  th e  le v e l  
w as  7 m g . / 100 m l .  and at 6 h o u rs  5 m g , /  100 m l .
U r in a r y  e x c re t io n  of EACA fo llow ed  a so m e w h a t d i f fe re n t  
p a t t e r n  to  th a t  s e e n  in  su b je c t  1, Only a  s m a l l  p o r t io n  
o i l
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of the  dose  w as  e x c r e te d  in  I h o u r ,  but 81 p e r  cen t had  
b e e n  e x c r e te d  by 4 h o u r s ,  Pealc. u r in a r y  c o n c e n tr a t io n  
of EA CA  w as 15 m g . / m l .  in  the  2 - 4  h o u r s  c o l le c t io n  
p e r io d ;  and in  the  p e r io d  f ro m  6 -  24 h o u rs  i t  w as
0 . 5 m g . I  m l ,
In  s u b je c ts  1 and 2 p la s m a  EACA le v e ls  30 m in u te s  
a f te r  the  s in g le  o r a l  d o se  w e re  22 m g . /  100 m l ,  and 
7 m g , / 100 m l ,  r e s p e c t iv e ly ,  d e m o n s t r a t in g  th a t  
a b s o rp t io n  f r o m  the  g a s t r o - in t e s t i n a l  t r a c t  i s  ra p id ;  
p o s s ib ly  so m e  a b s o rp t io n  ta k e s  p la c e  f r o m  th e  s to m a c h .
In  ta b le  3 a r e  show n p la s m a  le v e ls  found 1 and  2 
h o u rs  a f t e r  s in g le  d o se s  of EACA of f r o m  2 to  10 gm .
In  a ll  c a s e s  EACA c o n c e n tra t io n s  in  p l a s m a  w e re  h ig h e r  
a t  2 h o u r s  th a n  at 1 h o u r  a f te r  in g e s t io n .
R e p e a te d  o r a l  d o sag e  In  f ig u re  13 a r e  show n th e  r e s u l t s  
of e x p e r im e n ts  in  w h ich  r e p e a te d  o r a l  d o se s  of EA CA  
w e re  g iven  to 3 s u b je c ts .  It w ill  be s e e n  th a t  fo llow ing  
an  in i t ia l  dose  of 4 -  6 gm , , d o sag e  r a t e s  of 1 g m . I  
h o u r  p ro d u c e d  and  m a in ta in e d  p la s m a  EA C A  c o n c e n tr a t io n s  
of 11. 5 -  18. 8 m g ,  / 100 m l .  ( 0 . 9 -  1 .4  x lo " ^  M o la r ) ,  
le v e ls  adequa te  to  p ro d u c e  s ig n if ic a n t  in h ib i t io n  of 
p la sm in o g e n  a c t iv a to r  a c t iv i ty .
One su b je c t  w as  g iven  EACA a t  a  d o sag e  r a t e  of
1 g m , / h o u r  fo r  3 d a y s .  P l a s m a  EACA le v e ls  found w e re  
12 .3  m g . /  100 m l .  two h o u r s  a f te r  s ta r t in g  t r e a tm e n t ;
9. 5 m g . / 100 m l . a f te r  6 h o u r s ,  17, 2 m g . / 100 m l .  
a f t e r  20 h o u r s  and  1 6 .4  m g , / 100 m l .  a f te r  72 h o u r s .  
In t ra v e n o u s /
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In t ra v e n o u s  in fu s io n  T w e n ty - th re e  p a t ie n ts  d e s c r ib e d
in  d e ta i l  in  s e c t io n  3, w e re  g iven  an in t r a v e n o u s
in fu s io n  of 1 g m , EACA p e r  h o u r  fo r  4 h o u r s ,  fo llow ed
by 0 .5  g m , p e r  h o u r  f o r  a  f u r th e r  8 hours*  M ean
4p la s m a  EACA le v e l  at 4 h o u r s  w as  11 .6*  3 .5  m g , /
100 m l .  , and  at 8 h o u r s ,  6 . 4 -  1. 6 m g .  / 100 m l .
(d a ta  f r o m  ta b le s  25 and 29).
U r in a r y  e x c re t io n  of EACA
T h e  u r i n a r y  e x c re t io n  of EACA w as  c lo s e ly  fo llow ed
fo r  a t l e a s t  24 h o u r s  in  21 s u b je c ts  r e c e iv in g  EACA
by m o u th  o r  in t r a v e n o u s ly .  Though the d o sag e  sc h ed u le
( s u s ta in e d  in fu s io n s ,  s in g le  and m u lt ip le  d o se s )  and  the
am o u n t a d m in is t e r e d  (5 -  24 g m .)  v a r i e d  c o n s id e ra b ly
am ong  the  s u b je c ts ,  th e  m e a n  u r in a r y  r e c o v e r y  fo r  the
e n t i r e  g ro u p  w as  68- 18 p e r  cen t of the  a d m in is t e r e d
d o se  at 24 h o u r s ;  and in  16 s u b je c ts  fo llow ed  fo r  72 
+h o u r s ,  w as  82- 7 p e r  ce n t .  D e ta i ls  a r e  s e t  ou t in  ta b le  
4, In  th o se  in s ta n c e s  w h e re  o b s e rv a t io n s  d id  no t ex tend  
b eyond  24 h o u r s ,  s ig n if ic a n t  u r in a r y  e x c r e t io n  p ro b ab ly  
co n tin u ed  beyond  th is  t im e ;  h o w e v e r ,  ev en  in  th o se  
p a t ie n ts  in  w hom  o b s e rv a t io n s  w e r e  ex te n d ed  fo r  s e v e r a l  
d a y s ,  m e a n  u r i n a r y  r e c o v e r y  d a te s  d id  not r e a c h  100 
p e r  cen t of th e  a d m in is t e r e d  d o se .  F a i l u r e  to  Iden tify  
th e  w hole  d o se  in  the  u r in e  m ig h t be a t t r ib u ta b le  to one 
o r  m o r e  of the  follow ing: p ro lo n g e d  e x c re t io n  beyond 
th e  p e r io d  of o b s e rv a t io n ;  de f ic ien cy  in  the  a s s a y  t e c h ­
n iq u e /
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nique; e x c re t io n  by o th e r  ro u te s  ( e .g .  g a s t r o ­
in te s t in a l  t r a c t ) ;  o r  m e ta b o l i s m  of a s m a l l  p o r t io n  
of th e  EACA.
R e n a l  C le a r a n c e
R e n a l  c le a r a n c e  r a t e s  of EACA w e re  e s t im a te d  
in  3 m a le  s u b je c ts  ( f ig u re  13 and ta b le  5) a t a  t im e  
w hen  p la s m a  EACA le v e ls  w e re  s ta b le .  D u rin g  the  
s a m e  c o l le c t io n  p e r io d s ,  endogenous c r e a t in in e  c le a r a n c e  
r a t e s  w e re  a lso  m e a s u r e d .  I t  w ill  be s e e n  th a t  a l l  
3 s u b je c ts  h ad  n o rm a l  c r e a t in in e  c l e a r a n c e  r a t e s .
EACA c l e a r a n c e s ,  c a r r i e d  out w hen  p la s m a  EA CA  
le v e l s  w e re  in  th e  r a n g e  f r o m  13. 6 - 18. 6 m g .  / 100 
m l . , v a r i e d  f r o m  65 to  92 p e r  cen t w ith  a m e a n  of 
7 5 ,3 -  10 .3  p e r  cen t of the  c re a t in in e  c l e a r a n c e s .
T he f ind ings  su g g e s t  th a t  th e  k idney  h a n d le s  EA CA  
p r i m a r i l y  by f i l t r a t io n  and r e a b s o rp t io n .  H o w e v e r ,  
an  a c t iv e  t r a n s p o r t  m e c h a n is m  m ay  not be  in v o lv e d  in  
i t s  r e a b s o r p t io n ,  f o r  i t  m a y  be no ted  ( s u b je c ts  Z and 
3, f ig u re  13), th a t  EACA w as  s t i l l  found in  th e  u r in e  in  
s ig n if ic a n t  am o u n ts  w hen  p la s m a  le v e ls  w e re  no lo n g e r  
d e te c te d  ( i . e .  l e v e ls  of l e s s  th a n  0 , 1 m g . / 100 m l . ) .
I t  sh o u ld  a lso  be n o ted  th a t  du ring  the c l e a r a n c e  p e r io d s  
m e a n  u r in a r y  EA CA  c o n c e n tra t io n s  w e r e  67 t im e s  g r e a t e r  
th a n  p la s m a  c o n c e n tr a t io n s ,  i l l u s t r a t in g  the  e a s e  w ith  
w hich  h igh  u r in a r y  le v e ls  can  be a t ta in e d .
S ta te  of EACA in  p la s m a  
T h e /
- 5 0 -
The p o s s ib i l i ty  th a t  EACA m ig h t ,  though r e a d i ly
d ia ly s a b le  f r o m  p la s m a  (S h e rry  e t a l , ,  1959b), be in
p a r t  p ro te in  bound w as  in v e s t ig a te d  by an u l t r a f i l t r a t i o n
-3te c h n iq u e .  P l a s m a  con ta in ing  1 x 10 M o la r  EA CA  w as
u l t r a f i l t e r e d  at pH 7 ,4  th ro u g h  a 10 m p  ’’c e l lu la s t i c "
m e m b ra n e  (M iil ip o re  F i l t e r  C o rp o ra t io n ,  B e d fo rd ,
M a s s . ) .  A s s a y  of th e  p ro te in  f r e e  f i l t r a t e  in  d u p lic a te
-4d e m o n s t r a te d  the  EA CA  con ten t to be 9 .2  x 10 M o la r
(9. 7 and  8 .7  x 10 ^ M o la r ) .  T h is  r e c o v e ry  is  
q u a n t i ta t iv e  w ith in  th e  l im i t  of e x p e r im e n ta l  e r r o r  and 
co n seq u en t ly  in d ic a te s  th a t  EA CA  is  u n lik e ly  to be 
p r o te in  bound.
R e d  ce l l  le v e ls  EACA c o n c e n tra t io n s  in  r e d  b lood  c e l ls  
w e re  d e te rm in e d  in  th e  e x p e r im e n ts  i l l u s t r a t e d  in  
f ig u re s  12 and  13. In  e a c h  c a s e  r e d  b lood  ce ll  le v e ls  
w e re  in i t ia l ly  m u c h  l e s s  th a n  p la s m a  le v e l s .  O v e r  
so m e  h o u rs  the  r e d  b lood  ce ll  le v e ls  g ra d u a l ly  i n c r e a s e d ,  
and w hen  EACA a d m in is t r a t io n  c e a s e d ,  the  r e d  ce ll  
le v e ls  of EACA fe l l  m o r e  slow ly  th an  the  p la s m a  l e v e l s .  
A s w ill  be s e e n  in  f ig u re s  12 and 13, a t 24 h o u r s  EACA 
w as s t i l l  p r e s e n t  in  the  r e d  c e l ls  in  s ig n if ic a n t  a m o u n ts
w hen i t  cou ld  no lo n g e r  be d e te c te d  in  p la s m a .
A n im a l E x p e r im e n ts  
D is t r ib u t io n  in  the  r a b b i t
A s in g le  in t ra v e n o u s  dose  of 5 gm . EACA w as  g iven  
to  e a c h  of 2 C a l i fo rn ia n  r a b b i t s .  One w as  s a c r i f i c e d  
8/
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8 h o u r s ,  th e  o th e r  18 h o u r s  a f t e r  m e d ic a t io n .  F o r  
e a c h  a n im a l p la s m a  EACA le v e ls  a t 4 h o u r s  and  a t 
s a c r i f i c e  w e re  d e te rm in e d ;  and  EACA le v e l s  in  r e d  
b lood  c e l l ,  m u s c le  (th igh), l i v e r ,  sp le e n ,  m y o c a rd iu m ,  
k idney  and lung w e re  d e te rm in e d .  V a lu e s  a r e  g iv en  in  
ta b le  6, P l a s m a  EACA le v e ls  4 h o u rs  a f te r  m e d ic a t io n  
w e re  86. 8 m g . / 100 m l ,  in  the  8 h o u r  r a b b i t  and  
9 7 .2  m g . / 100 m l .  in  th e  18 h o u r  a n im a l .  A t the  t im e  
of d ea th  in  th e  a n im a l  k i l le d  8 h o u r s  a f t e r  EACA w as 
g iven , p l a s m a  le v e ls  w e re  s t i l l  qu ite  h igh  (22 m g ,  / 100 
m l . ) ;  r e d  c e l l  l e v e ls  w e r e  so m e w h a t lo w e r  (18 m g . /
100 m l , )  bu t t i s s u e  c o n c e n tra t io n s  of EACA e . g .  in  
m u s c le  (42 m g . EA CA / 100 g m , w et w eigh t t i s s u e )  
w e r e  m u c h  h ig h e r  th a n  th a t  found in  th e  p la s m a .  T he 
v e r y  h igh  le v e l  (73 m g , / 100 g m ,)  found in  th e  k idney  
w as  p r e s u m a b ly  due to  the con ten t of u r in e .  L e v e ls  
in  m u s c le  and  m y o c a rd iu m  w e r e  h ig h e r  th a n  th o s e  found 
in  l i v e r ,  s p le e n  and lung . In  the  a n im a l  k i l l e d  18 h o u r s  
a f te r  EACA h ad  b ee n  g iven , p la s m a  le v e ls  h a d  s h a rp ly  
d e c l in e d  (3 m g , / 100 m l ,) ; bu t le v e ls  in  m u s c le ,  m y o ­
c a rd iu m ,  and  l i v e r  w e re  s t i l l  m u c h  h ig h e r  th a n  the  
l e v e ls  in  p la s m a .  A s b e fo re ,  le v e ls  in  the  k idney  
e x c e e d  th o se  found  in  o th e r  o r g a n s .
R a t  d ia p h ra g m  s tu d ie s
T h e  s tu d ie s  w e re  c a r r i e d  out in  c o -o p e r a t io n  w ith  
D r .  D av id  K ip n is .  T he r a t  d ia p h ra g m  p r e p a r a t io n s  
w e re  s e t  up by D r .  K ip n is ,  and  th e  EACA a s s a y s  w e re  
p e r f o r m e d /
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p e r f o r m e d  by the  a u th o r .
M ethod
I n t r a c e l lu l a r  up take  of EACA w as s tu d ie d  u s in g  the  
in ta c t  r a t  d ia p h ra g m  tech n iq u e  of K ipn is  and C o r i  
(1957)* H ea lth y  m a le  r a t s  of the  S p ra g u e -D a w le y  
s t r a i n  w e r e  u s e d .  A f te r  a 5 h o u r  f a s t ,  the r a t s  
w e re  k i l le d  by d e c a p i ta t io n .  An in ta c t  d ia p h ra g m  
p r e p a r a t io n  w as  m a d e  as d e s c r ib e d  by K ip n is  and  C o r i  
(1957) and in c u b a te d  in  40 m l ,  K r e b s - R in g e r  p h o sp h a te  
b u f fe r ,  pH 6 .3 5 ,  w ith  10 ^ M o la r  EACA in  the  b u f fe r ,  
In cu b a t io n  w as  fo r  1 h o u r  a t 40^C, w ith  c o n s ta n t  
o x y g en a tio n . A f te r  in c u b a tio n , d ia p h ra g m s  w e r e  
c lo t te d ,  w e ig h ed  and g ro u n d  in  1 m l .  10 p e r  ce n t  TC A , 
A f te r  c e n tr i fu g a t io n  the  EACA con ten t of the  s u p e rn a ta n t  
w as  a s s a y e d  as  a l r e a d y  d e s c r ib e d .
R e s u l ts
T h e s e  a r e  show n in  ta b le  7. In  c a lc u la t in g  up take  of
EA CA  by th e  i n t r a c e l l u l a r  f lu id ,  17 p e r  ce n t by w e ig h t
of the  d ia p h ra g m  p r e p a r a t io n  i s  a s s u m e d  to r e p r e s e n t
th e  e x t r a c e l lu l a r  f lu id , and 57 p e r  cen t by w e ig h t
in t r a c e l l u l a r  f lu id ; EACA c o n c e n tra t io n  in  the
e x t r a c e l lu l a r  f lu id  i s  a s s u m e d  to be id e n t ic a l  w ith  th a t
-2in  the  in c u b a tin g  f lu id , i . e .  10 M o la r . U ptake by the
in t r a c e l l u l a r  f lu id  is  found  by a s sa y in g  EA CA  c o n c e n tra t io n  
in  the  s u p e rn a ta n t  a f te r  h o m o g e n isa t io n ,  and s u b tr a c t in g  
th e  c o n tr ib u t io n  f r o m  the  e x t r a c e l lu la r  f lu id ; u p tak e  
r e s u l t s /
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r e s u l t s  a r e  th e n  e x p r e s s e d  a s  pM E A C A /m l.  i n t r a ­
c e l lu l a r  f lu id /h o u r .
M ean  u p ta k e  of EACA in  p r e p a r a t io n s  f r o m  5 
a n im a ls  w as  3 . 1 -  0 .5 3 p M  E A C A /m l.  i n t r a c e l l u l a r  
f lu id /  h o u r .
S ide and to x ic  e f fe c ts
S om e s u b je c ts  n o te d  vague ab d o m in a l d is c o m f o r t  
a f t e r  o r a l  a d m in is t r a t io n ,  e s p e c ia l ly  a f te r  l a r g e  d o s e s .  
One s u b je c t  f re q u e n t ly  v o m ite d  a f te r  2 g m , o r a l  d o s e s .  
S e v e r a l  s u b je c ts  n o te d  co n ju n c tiv a l  su ffu s io n  and  n a s a l  
s tu f f in e s s  a f te r  ev e n  a s in g le  dose  of 2 g m . No o th e r  
s id e  o r  to x ic  e f fe c ts  w e re  no ted .
D is c u s s ion
T h e s e  r e s u l t s  in d ic a te  th a t  EACA is  r a p id ly  and
p re d ic ta b ly  a b s o rb e d  f ro m  the  g a s t r o - in t e s t i n a i  t r a c t ;
a f t e r  a  s in g le  o r a l  dose  p e a k  p la s m a  le v e ls  a r e  ac h iev e d
in  about 2 h o u r s .  S ince  the  r e n a l  c le a r a n c e  of th is
com pound  i s  h ig h  a t p la s m a  le v e ls  in  the d e s i r a b le
-3th e r a p e u t ic  r a n g e  (10 M o la r  o r  above), th e  g r e a t e r  
p a r t  of the  d o se  can  be found in  the  u r in e  a f t e r  12 h o u r s .  
F o r  th is  r e a s o n  s in g le  in t r a v e n o u s  in je c t io n s  a r e  not 
p r a c t i c a l  f o r  m a in ta in in g  a  p ro lo n g e d  s y s te m ic  e f fe c t .  
S u s ta in e d  p la s m a  and u r in e  le v e ls  of EACA can  be 
m a in ta in e d  re a d i ly  by r e p e a te d  o r a l  d o se s  o r  by 
con tinuous  in t ra v e n o u s  in fu s io n . D osage  r a t e s  of 
1 g m , / h o u r  p ro d u c e  p la s m a  le v e ls  in  th e  ra n g e  of 
10 /
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-310 M o la r  (13 m g . / 100 m l . ) ,  adequa te  to  in h ib i t  
s ig n if ic a n t ly  s y s te m ic  p la sm in o g e n  a c t iv a to r  a c t iv i ty .  
W ith o r a l  t r e a tm e n t ,  a  p r im in g  dose  of 4 « 6 g m , 
s e e m s  d e s i r a b le  in  o r d e r  to a t ta in  ra p id ly  a  s ig n if ic a n t  
in h ib i to ry  le v e l  in  p la s m a .  B e c a u se  of c o n c e n t r a t io n  
in  the  u r i n a r y  t r a c t ,  e f fe c t iv e  le v e ls  of EA CA  in  the 
u r in e  m a y  be a c h ie v e d  by a  d osage  w h ich  does  no t 
p ro d u c e  e x c e s s iv e  p la s m a  l e v e l s .
The s tu d ie s  on r e d  b lood  ce ll  c o n c e n tra t io n s  su g g e s t  
th a t  EA C A  h a s  the  ab il i ty  to  e n te r  and le a v e  th e  i n t r a ­
c e l lu l a r  c o m p a r tm e n t ;  th is  su g g e s t io n  is  c o r r o b o r a t e d  
by the  d is t r ib u t io n  s tu d ie s  in  the  r a b b i t  in  v iv o , and  w ith  
the  in ta c t  r a t  d ia p h ra g m  in  v i t r o . C e l lu la r  u p tak e  of 
EA CA  w as  r e a d i ly  d e m o n s t r a te d  in  the r a t  d ia p h ra g m  
e x p e r im e n ts .  In  the  r a b b i t  s tu d ie s ,  ev id en ce  w as  
o b ta in e d  fo r  th e  e n t ry  of EACA into v a r io u s  o r g a n  t i s s u e s  
w hen  p la s m a  le v e ls  and  p re s u m a b ly  le v e ls  in  th e  e x t r a ­
c e l lu la r  f lu id ,  w e re  high; and as  the  p la s m a  le v e ls  
qu ick ly  d e c l in e d  due to r e n a l  e x c re t io n ,  EACA in  th e  
i n t r a c e l l u l a r  c o m p a r tm e n t  s low ly  d if fu sed  b ack  in to  
the  p la s m a .
A s is  show n in  ta b le  4, the  u r in a r y  e x c re t io n  of 
EACA follow ing a  IE h o u r  in t ra v e n o u s  in fu s io n  is  p r o ­
lo n g ed  (s ig n if ic a n t  e x c re t io n  o c c u r s  o v e r  a  72 h o u r  
p e r io d )  as  c o m p a re d  w ith  th a t  o b s e rv e d  fo llow ing  a 
s in g le  dose  (e x c re t io n  v i r tu a l ly  c e a s e s  a f te r  24 h o u rs ) ;  
th is  d if fe re n c e  m ay  be a t t r ib u te d  to the  m o r e  e x te n s iv e  
ex t r  a v a s c u l a r /
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e x t r a v a s c u la r  an d  i n t r a c e l l u l a r  e q u i l ib ra t io n  w hich
o c c u r s  fo llow ing s u s ta in e d  d o sa g e .
T h e  p r e s e n t  s tu d ie s  a lso  in d ic a te  th a t  the  m a jo r
p o r t io n  of EA CA  is  not m e ta b o l i s e d  in  v iv o ; a  m e a n
v a lu e  of 86 p e r  cen t of the  a d m in is t e r e d  d o se  w as
r e c o v e r e d  u n ch an g ed  in  th e  u r in e .  H o w e v e r ,  s in c e
a ll  of the  EA CA  w as no t r e c o v e r e d  in  the  u r in e ,  the
p o s s ib i l i ty  r e m a in s  th a t  a  s m a l l  p o r t io n  m a y  be
a c t iv e ly  m e ta b o l i s e d .
E v id en ce  fo r  a  m e ta b o l ic  a c t io n  of EACA w as  found
in  o th e r  e x p e r im e n ts  c a r r i e d  out by D r .  K ip n is ,  and
r e p o r t e d  by M cN ico l e t  a l .  (1962b) in  w h ich  EACA
in  th e  in c u b a tio n  m e d iu m  (in a c o n c e n t r a t io n  of 
-22 X 10 M o la r)  d id  not a f fec t  c e l lu la r  u p ta k e  of t r i t i u m
- 2ta g g e d  ly s in e  p r e s e n t  in  a c o n c e n tra t io n  of 2 x 10 
M o la r  in  th e  m e d iu m , but in c o rp o r a t io n  of ly s in e  in  
TCA p r e c ip i ta b le  p r o te in  w as  r e d u c e d  by abou t 50 
p e r  cen t c o m p a re d  w ith  c o n tro l  e x p e r im e n ts ,  Jo h n so n  
e t  a l .  (1962) a ls o  r e p o r t  th a t  w hen C 14 la b e l l e d  EACA 
is  g iven  to m a n  a  s m a l l  p r o p o r t io n  i s  e x c r e te d  a s  c a rb o n  
d io x id e .
T he p r e s e n t  o b s e rv a t io n s  d if fe r  in  so m e  r e s p e c t s  
f r o m  th o se  of N i ls s o n  e t  a l .  (I960) who i n f e r r e d  p la s m a  
EACA c o n c e n t r a t io n s  by c o m p a r in g  th e  in h ib i to ry  
e f fe c t  of t e s t  p l a s m a  on s t r e p to k in a s e  w ith  the  e f fe c t  
se e n  w ith  known c o n c e n tra t io n s  of EA CA . In  N ils  son* s 
a s s a y /
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a s s a y  s y s te m ,  in  4 s u b je c ts ,  peak  p la s m a  le v e ls  a f t e r  
a s in g le  o r a l  d o se  of 6 g m , w e re  s e e n  a t 1 h o u r  
(m e a n  EA CA  e q u iv a le n t  c o n c e n tra t io n  of 24 m g , / 100 
m l . ) ;  the  m e a n  le v e l  a t Z h o u rs  w as  20 m g . / 100 m l .  , 
and  h a d  f a l le n  to 6 m g ,  / 100 m l .  by 5 h o u r s  . A  d o sag e  
r a te  of 36 g m . / day p ro d u c e d  p la s m a  le v e ls  of 10 -  
14 m g .  I  100 m l ,  , a l e v e l  so m ew h a t lo w e r  th a n  m ig h t  
have  b e e n  e x p e c te d  f r o m  the  p r e s e n t  s tu d ie s .  In  one 
p a t ie n t  a  s in g le  d o se  of 3 g m . a p p a re n t ly  p ro d u c e d  
s ig n i f ic a n t  p la s m a  le v e ls  fo r  24 h o u r s  (18 m g . / 100 
m l ,  fa l l in g  to 10 m g .  1 100 m l . ) .  N i ls s o n  and  h e r  
a s s o c ia t e s  a ls o  found, as  w as  o b s e rv e d  in  th e  p r e s e n t  
s tu d y , th a t  s ig n if ic a n t  am o u n ts  of EACA co u ld  be 
d e te c te d  in  the  p la s m a  w ith in  30 m in u te s  of a  s in g le  
o r a l  d o se ,  and  th a t  th e  p r i m a r y  m e a n s  of d is p o s a l  w as  
by r e n a l  e x c re t io n .
U sing  th e  EACA a s s a y  te ch n iq u e  of J o h n so n  and  
Sco%a (1961) Jo h n so n  e t a l .  (1962) r e p o r t  in  an  a b s t r a c t  
th a t  40 -  80 p e r  cen t of an  in t r a v e n o u s  in fu s io n  of 
EA CA  a p p e a r s  in  th e  u r in e  w ith in  24 h o u r s .  W ith  CId- 
la b e l l e d  EACA th e  s a m e  a u th o rs  found e x c re t io n  to  be 
p r i m a r i l y  in  th e  u r in e .  L i t t le  o r  no EACA a p p e a r e d  
to  be bound to e r y th r o c y te s ,  a finding  a t v a r ia n c e  w ith  
the  o b s e rv a t io n s  in  th e  p r e s e n t  s tudy .
T o x ic i ty  of EA CA  T h is  h a s  a l r e a d y  b e e n  d i s c u s s e d  
in  C h a p te r  4 , T he r e p o r te d  e f fe c ts  of EA CA  
a d m in is t r a t io n  in  a n im a ls  have  in c lu d e d  s u b e n d o c a rd ia l  
h a e m o r r h a g e s /
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h a e m o r rh a g e  s , te ra to g e n ic i ty ,  h y p e r th e r m ia ,  b r a d y ­
c a r d i a  and  s y s to l ic  h y p e r te n s io n .  EACA a ls o  h a s  an 
e f fec t  on  c e l l s  in  t i s s u e  c u l tu re  and on p o rp h y r in  and 
c h o le s te ro l  m e ta b o l i s m .  Though th e s e  a n im a l 
o b s e rv a t io n s  s u g g e s t  th a t  EACA m a y  a lso  p ro v e  to  h av e  
s ig n if ic a n t  to x ic  e f fe c ts  in  m a n ,  a t  the  p r e s e n t  t im e  
the  m a jo r  p o te n tia l  h a z a r d  in  m a n  apj^ears to  be th e  
r i s k ,  in h e re n t  in  the  a c t io n  of EACA on the  f ib r in o ly t ic  
e n z y m e  s y s te m ,  of induc ing  v a s c u la r  o c c lu s io n  by 
in h ib i t in g  p la s m a  f ib r in o ly t ic  a c t iv i ty .  P r e s u m e d  
v a s c u la r  o c c lu s io n  w as found in  th e  p r e s e n t  s tudy  in  
two p a t ie n ts  a f te r  EA CA  th e ra p y  (C h ap te r  11); the  
p r o b le m  is  d i s c u s s e d  in  C h a p te r  13. O th e r  s id e  
e f fe c ts  s e e n  in  th e  p r e s e n t  s tudy  w e re  m in o r  -  n a s a l  
s tu f f in e s s  and vague  ab d o m in a l d i s c o m f o r t .  T he  
d i a r r h o e a  and p o s tu r a l  h y p o te n s io n  found by o th e r  
w o r k e r s ,  a s  m e n tio n e d  in  C h a p te r  4, w e re  no t s e e n .
T h e  o b s e rv a t io n  r e p o r t e d  by M cN ico l e t a l .  (1962b), 
th a t  EACA in  the  m e d iu m  in h ib i ts  ly s in e  incor% )oration 
in  p r o te in  in  the  r a t  d ia p h ra g m  p r e p a r a t io n ,  m a y  p ro v id e  
p a r t  of the  ex p la n a t io n  of the  te r a to g e n ic  e f fec t  of EACA 
in  a n im a ls ,  and  EACA shou ld  no t be g iven  to  w o m en  
d u r in g  the  e a r ly  m o n th s  of p re g n a n c y .  F u r t h e r ,  b e a r in g  
in  m in d  the  p o s s ib i l i ty  of inducing  v a s c u la r  o c c lu s io n  
w ith  EA CA , i t  sh o u ld  be g iven  w ith  cau tio n  to  p a t ie n ts  
w ith  p r e - e x i s t in g  v a s c u la r  d i s e a s e .
—58- 
C H A P T E R  7
TH E E F F E C T  OF EACA ON TH RO M BO PLASTIN  
G EN ER A TIO N  AND TH E  TH R Q M B IN -FIB R IN Q G EN
REA CTIO N
T o e x a m in e  th e  p o s s b i i l i ty  th a t  EACA m ig h t  e x e r c i s e  
i t s  h a e m o s ta t i c  e f fec t  in  f ib r in o ly t ic  s t a te s  p a r t ly  by 
an  e f fe c t  on th ro m b o p la s t in  f o rm a t io n  o r  th e  th r o m b in -  
f ib r in o g e n  r e a c t io n ,  the  e f fec t  of EACA on th e  
th ro m b o p la s t in  g e n e ra t io n  t e s t  and  the  th ro m b in  c lo tt in g  
t im e  w as  s tu d ie d ,
(i) T h ro m b o p la s t in  g e n e ra t io n
M ethod  T h ro m b o p la s t in  g e n e ra t io n  t e s t s ,  u s in g  b lood  
f r o m  a  n o r m a l  s u b je c t ,  w e re  c a r r i e d  out a s  d e s c r ib e d  
by B iggs and  D ouglas  (1953), w ith  the  fo llow ing  
m o d if ic a t io n .  In  the  in cu b a tio n  m ix tu re  the  v o lu m e s  
of a d s o rb e d  p la s m a ,  s e r u m ,  p la te le t  s u s p e n s io n  and 
l / 40 M o la r  c a lc iu m  c h lo r id e  w e re  0. 3 m l .  , and  0, 3 
s a l in e ,  w ith  EACA to g ive th e  d e s i r e d  f in a l  c o n c e n tra t io n ,  
w a s  a ls o  p r e s e n t .  P l a s m a  s a m p le s  w e re  p r e p a r e d  by 
m ix in g  9 m l .  whole b lood  w ith  1 m l .  3 .8  p e r  c e n t  so d iu m  
c i t r a t e .
R e s u l t s  a r e  show n in  ta b le  8, w h e re  i t  w ill  be s e e n  
th a t  in  c o n c e n t r a t io n  b e tw e en  10  ^ M o la r  and  10 ^
M o la r  EACA did  no t a ffec t  th r o m b o p la s t in  g e n e ra t io n .
(ii)/
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(ii) T h ro m b in - f ib r in o g e n  r e a c t io n  
M ethod  N o rm a l  o x a ia te d  p la s m a  w as m ix e d  1:1 w ith  
so lu t io n s  of so d iu m  c h lo r id e ,  u r e a  and EA CA  of v a ry in g  
c o n c e n tr a t io n s  a s  show n in  ta b le  9* The th ro m b in  
c lo tt in g  t im e s  of 0. 1 m l .  a l iq u o ts  of th e s e  m ix tu r e s  
w e r e  th e n  e s t im a te d  by th e  m e th o d  d e s c r ib e d  in  ap p end ix  
4 .
R e s u l t s  a r e  g iv en  in  ta b le  9» w h e re  i t  w ill  be s e e n  th a t  
w ith  so d iu m  c h lo r id e ,  p ro lo n g a t io n  of th e  th ro m b in  
c lo tt in g  t im e  a p p e a re d  w hen  the  c o n c e n tr a t io n  e x c e e d e d  
O.E M o la r ,  w ith  u r e a ,  th e r e  w as  a lso  an  e f fe c t ,  though 
l e s s  m a rk e d ,  a t  a  c o n c e n tr a t io n  of 0 .2  M o la r ,  and  w ith  
EA CA , a  s l ig h t  e f fec t  a p p e a re d  a t a  c o n c e n t r a t io n  of 
0. S M o la r .
D is c u s s io n
In  the  r a n g e  of c o n c e n tra t io n s  w hich  m a y  be a c h ie v e d  
in  v iv o , EACA h as  no e f fec t  on th r o m b o p la s t in  g e n e ra t io n  
n o r  the  th ro m b in - f ib r in o g e n  r e a c t io n .  A t c o n c e n tra t io n s  
of 0. 5 M o la r  an d  h ig h e r  w h ich  a r e  n e v e r  l ik e ly  to  be 
a c h ie v e d  in  v ivo  (C h ap te r  6) EACA p ro lo n g s  the  th ro m b in  
c lo tt in g  t im e  of n o rm a l  p la s m a ,  bu t to a  so m e w h a t  l e s s e r  
e x te n t  th a n  do so d iu m  c h lo r id e  and u r e a  of the  s a m e  
m o la r i t y .  I t  is  co n c lu d ed  th a t  EACA can  have  no 
h a e m o s ta t i c  o r  a n t ic o a g u la n t  a c t io n s  in  v ivo  in  v i r tu e  
of I ts  e f fe c t  on  th r o m b o p la s t in  g e n e ra t io n  o r  th e  throm bin* 
f ib r in o g e n  r e a c t io n .
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C H A P T E R  8
INHIBITION O F  P E P S IN  BY EACA
A s EACA is  know n to in h ib i t  the  p ro te o ly t ic  e n z y m e s  
p la s m in  and t r y p s in  (A lk ja e ra ig  e t  a l .  * 1959a) i t  w as  
thought d e s i r a b le  to in v e s t ig a te  th e  p o s s ib i l i ty  th a t  i t  
m ig h t  a lso  be an  in h ib i to r  of p e p s in .
M a te r ia l  and M ethods
T h e  a s s a y  s y s t e m  w a s  m o d if ie d  f r o m  th a t  of N o r th ro p  
e t  a l .  (1948). In  th e  a s s a y ,  p e p s in  is  in c u b a te d  w ith  
h a e m o g lo b in  a t pH 2, and  the  ty r o s in e  r e l e a s e d  d u rin g  
in c u b a t io n  is  m e a s u r e d  c o lo r im e t r i c a l ly ,  
p r e p a r a t i o n  of S u b s t r a te  T he s u b s t r a t e  u s e d  w as  
bov ine  h aem o g lo b in ; 2 .5  gm . p u re  h a e m o g lo b in  
(P fa n s t ie h l  L a b o r a to r i e s ,  W aukegan , 111.) w e re  d is s o lv e d  
in  80 m l .  g ly c in e  so lu t io n ,  0 .0 5  M o la r ,  and  pH w as  
a d ju s te d  to  2 .0  w ith  abou t 20 m l .  of 0 .2  N h y d ro c h lo r ic  
a c id .  The s u b s t r a t e  w as  f r e s h ly  p r e p a r e d  e a c h  day 
i t  w as  u s e d .
G lyc ine  w as  u s e d  a s  a  b u f fe r .  W hen th e  a c id  h a e m o ­
g lob in  so lu t io n  w as  m a d e  up w ithou t g ly c in e ,  th e  a d d i tio n  
of EACA r a i s e d  the pH out of th e  ra n g e  in  w h ich  p e p s in  
i s  a c t iv e ,  bu t w ith  g ly c in e  p r e s e n t  as  a  b u f fe r ,  the  
ad d i t io n  of EACA d id  no t s ig n if ic an t ly  a l t e r  th e  pH. 
D e ta i ls  a r e  show n in  ta b le  10.
P e p s in /
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p e p s i n  A th r e e  t im e s  c r y s t a l l i s e d  bovine p r e p a r a t io n  
(S igm a C h e m ic a l  C o. , S t, L o u is ,  M o .)  w as  u s e d  in  
a  c o n c e n tr a t io n  of 0 . 005 mg . / m l .
M ethod  of a s s a y  To 4 .0  m l .  of the  ac id  h a e m o g lo b in  
s u b s t r a te  w e re  added  0 .5  m l , of v a r io u s  c o n c e n tr a t io n s  
of EA CA  in  s a l in e ,  to  g ive the f ina l c o n c e n tr a t io n s  in  
the  a s s a y  m ix tu re  show n in  f ig u re  14. A f te r  ad d it io n  
of 0 ,5  m l .  p e p s in  so lu t io n , the a s s a y  m ix tu re  w as  
in c u b a te d  at 37^C f o r  62 m in u te s .  At 2 m in u te s  and 
62 m in u te s ,  2 .0  m l .  a l iq u o ts  w e re  ta k e n  and added  to 
2 m l ,  10 p e r  cen t so d iu m  h y d ro x id e ,  w hich  a r r e s t s  
e n z y m e  a c t iv i ty .  A f te r  c e n tr i fu g t io n  (2000 fo r  10 
m in u te s )  1 m l .  of th e  s u p e rn a ta n t  w as added  to  4 .0  m l .  
of 0 .5  N so d iu m  h y d ro x id e ,  1 m l .  1 .0  N so d iu m  h y d ro x ­
id e ,  1, 5 m l .  5 p e r  cen t t r i c h l o r a c e t i c  a c id  and  1. 5 m l ,  
d ilu te  (1:2) F o l in  C io c a l te u  r e a g e n t .  A f te r  s tan d in g  
fo r  15 m in u te s  f o r  co lo u r  d ev e lo p m e n t,  the  o p t ic a l  
d e n s i ty  of th e  62 m in u te  s a m p le  w as r e a d  at 650 m p  in  a 
B e c k m a n  D .U . S p e c t ro p h o to m e te r ,  w ith  the  2 m in u te  
s a m p le  a s  b la n k .
R e s u l t s  T h e se  a r e  show n in  f ig u re  14, w h e re  i t  w ill
be s e e n  th a t  in h ib i t io n  of p e p s in  b eg in s  at an EACA
“ 3c o n c e n tra t io n  of abou t 10 M o la r  (0 .001  M o la r) ;
75 p e r  cen t in liib ition  is  s e e n  a t an EACA c o n c e n tr a t io n  
-2of 10 M o la r  (O.Ol M o la r)  and in h ib i t io n  is  v i r tu a l ly
- 1c o m p le te  at an EACA c o n c e n tra t io n  of 10 M o la r  
(0. 1 M o la r ) .
D is c u s s io n /
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D is c u s s io n
T hough the  c o n c e n tr a t io n  of EACA n ee d ed  to p ro d u c e
in h ib i t io n  of p e p s in  (75 p e r  cen t in h ib i t io n  w ith  10
M o la r  EACA) is  so m e w h a t l e s s  th an  n e e d e d  to in h ib i t
-2p la s m in  and t r y p s in  (5 x 10 M olar)  i t  i s  u n lik e ly  th a t  
EACA le v e ls  ad eq u a te  to p ro d u c e  s ig n if ic a n t  in h ib i t io n  
of p ep t ic  a c t iv i ty  in  p la s m a  o r  t i s s u e s  c a n  be a c h ie v e d  
in  v iv o . A s show n in  C h a p te r  6, b e c a u s e  of c o n c e n tra t io n  
of EACA in  the  u r in e ,  u r in a r y  le v e ls  of EACA ad eq u a te  
to in h ib i t  u r in a r y  p ep tic  ac t iv i ty  (u ro p ep s in )  can  r e a d i ly  
be a c h ie v e d  w ith  m o d e ra te  d o s e s .  H o w ev e r ,  a s  the 
pH ra n g e  of u r in e  i s  4 . 8 -  8. 2 (Sm ith , 1951) and the 
h ig h e s t  pH a t w h ich  g a s t r i c  p r o te a s e s  a r e  a c t iv e  is  
4. 5 (B uchs , 1949) i t  i s  doubtful if  the  p o te n t ia l  in h ib i t io n  
by EACA of p e p t ic  e n z y m e s  in  the u r in e  i s  o f  any 
s ig n if ic a n c e  in  v iv o .
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C H A P T E R  9
N A TU RE AND ACTIONS OF UROKINASE
It h a s  b e e n  know n f o r  m o r e  th an  t h r e e - q u a r t e r s  of 
a  c e n tu ry  th a t  u r in e  can  d ig e s t  f ib r in  c lo ts ,  an  a c t io n  
o r ig in a l ly  a t t r ib u te d  to  the  p r e s e n c e  of t r y p s in  (Sahli,
1885). H o w ev er  W il l ia m s  (1951), A s t ru p  and  
S te r n d o r f f  (1952) and  So b e l  e t  a l .  (1952) in d e p en d en tly  
d e m o n s t r a te d  th a t  th e  f ib r in o ly t ic  a c t iv i ty  of u r in e  
w as due to i t s  co n ten t of a  p la sm in o g e n  a c t iv a to r  w hich  
Sobel e t  a l .  (1952) n a m e d  u r o k in a s e .
U ro k in a s e ,  i t s e l f  a p ro te o ly t ic  e n z y m e , a c t iv a te s  
p la s m in o g e n  by f i r s t  o r d e r  k in e t ic s ,  p ro b a b ly  by sp li t t in g  
ly s in e  and / o r  a rg in in e  bonds (K je ld g a a rd  and  P lo u g ,
1957; A lk ja e r s ig  e t  a l .  1958), I t  is  a  c o lo u r le s s  
p r o te in  w ith  a  h igh  d e g re e  of s ta b i l i ty  o v e r  a  w ide  pH 
ra n g e ;  p u r i f ie d  u r o k in a s e  i s  s ta b le  a t 50°C up to pH 
10, bu t in  u r in e  a c t iv i ty  is  lo s t  below  pH 3, p ro b a b ly  
b e c a u s e  of d ig e s t io n  by u ro p e p s in  (P loug and  K je ld g a a rd ,  
1957).
S o u rc e  of u ro k in a s e
B je r r e h u u a  (1952) o b s e rv e d  th a t  u ro k in a s e  c o n c e n tra t io n s  
w e r e  s im i l a r  in  b la d d e r  u r in e  and u r in e  o b ta in e d  f ro m  
th e  r e n a l  p e lv is ,  and  th a t  e x c re t io n  r a t e s  w e r e  in d e ­
p en d en t of se x ,  a  f ind ing  c o n f i rm e d  by S m y rn io t ie  e t  
a l .  /
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a l .  ( 1959), who a lso  show ed  th a t  e x c re t io n  r a t e s  w e re  
in d ep en d en t of age and  u r in e  v o lu m e .
A s t ru p  and  S te rn d o r f f  (1952) have  s u g g e s te d  th a t  
u ro k in a s e  is  no t a  s im p le  e x c re t io n  p ro d u c t  and  have 
im p l ie d  th a t  i t  i s  p ro d u c e d  lo c a l ly  in  the  k id n ey , a  
v iew  a ls o  h e ld  by W ill ia m s  (1951), H o w e v e r ,  t h e r e  
is  ev id en ce  to  su g g e s t  th a t  u r o k in a s e  m ay  r e p r e s e n t ,  
in  p a r t  a t  l e a s t ,  e x c r e te d  p la s m a  p la sm in o g e n  
a c t iv a to r .  Von K a u lla  and Swan (1958) found  in c r e a s e d  
u ro k in a s e  e x c re t io n  in  p a t ie n ts  who d ev e lo p ed  
f ib r in o ly t ic  s t a te s  d u r in g  c a rd ia c  s u r g e r y ;  the 
in c r e a s e d  u ro k in a s e  e x c re t io n  fe l l  to n o r m a l  a s  the 
in te n s i ty  of the  f ib r in o ly t ic  s ta te  d ec lin e d . C e la n  de r  
and  G u e s t  ( i960 )  o b s e r v e d  i n c r e a s e d  p la s m a  f ib r in o ly t ic  
a c t iv i ty  and  i n c r e a s e d  u ro k in a s e  e x c re t io n  in  h u m a n  
s u b je c ts  e x e r c i s in g  on a  t r e a d m i l l ,  and  S m y rn io t i s  e t  
a i .  ( 1959) r e p o r te d  th a t  in  a  g ro u p  of p a t ie n ts  s tu d ie d  
a f te r  m y o c a rd ia l  in f a r c t io n ,  u ro k in a s e  e x c re t io n  r a t e s  
w e re  h ig h e r  in  p a t ie n ts  g iv en  s t r e p to k in a s e  th a n  in  p a t ie n ts  
t r e a t e d  w ith  co n v en tio n a l a n t ic o a g u lan t  d ru g s .  On 
th e  o th e r  h a n d  the  s ta b i l i ty  of u ro k in a s e  (P loug  and  
K je ld g a a rd ,  1957) is  in  m a rk e d  c o n t r a s t  to th e  la b i l i ty  
of p la s m a  a c t iv a to r  (F e a r n le y  and  T w eed , 1953), and 
C o la n d e r  and  G u e s t  ( i960) have  show n in  D EAE c e l lu lo s e  
c h ro m a to g ra p h y  of u ro k in a s e  th a t  t h e r e  a r e  tw o p ro te in s  
w ith  u ro k in a s e  a c t iv i ty .  I t  w ould  th e r e f o r e  s e e m  p o s s ib le  
th a t /
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th a t  p r o te in s  f r o m  m o r e  th a n  one s o u rc e  m a y  c o n tr ib u te  
to u ro k in a s e  a c t iv i ty .
P r o te o ly t i c  en z y m es  in  the u r in e
U rin e  is  known to co n ta in  p e p s in - l ik e  e n z y m e s  
(u ro p e p s in ) ,  and the  p r e s e n c e  of s m a l l  a m o u n ts  of 
t r y p s in - l ik e  e n z y m e s  h a s  a lso  b ee n  show n (L o e p e r  
and  B a u m an n , 1922).
I m p a i r m e n t  of h a e m o s ta s i s  in  th e  u r in a r y  t r a c t :  the  
ro le  of u ro k in a s e
A s t r u p  and  S te rn d o r f f  (1952) have  su g g e s te d  th a t  
u ro k in a s e  m a y  have  a u se fu l  ro le  by b r in g in g  about 
the  r a p id  r e s o lu t io n  of c lo t te d  b lood  and f ib r in  in  th e  
u r in a r y  s y s t e m ,  The e x p e r im e n ts  d e s c r ib e d  in  the  
p r e s e n t  s e c t io n  w e re  d e s ig n ed  to ex a m in e  the  p o s s ib i l i ty  a r i s in g  
out of th is  s u g g e s te d  fu n c tio n , th a t  u r o k in a s e ,  by a c t iv a t in g  
clo t p la sm in o g e n ,  m ig h t  c a u se  im p a i r m e n t  of h a e m o s ta s i s  in  
the u r in a r y  t r a c t .  T he p ro b le m  w as s tu d ied  p r in c ip a l ly  in  
p a t ie n ts  a f te r  t r a n s u r e t h r a l  p r o s ta t e c to m y .  Such  p a t ie n ts  a r e  e x c e l le n t  
fo r  in v e s t ig a t io n  b e c a u s e  of the r e la t iv e  u n ifo rm ity  of 
the s u r g ic a l  t r a u m a  and the  e a s e  of ob ta in ing  co m p le te  
u r in e  c o l le c t io n s .  The b a s is  of th is  s tu d y  is  i l l u s t r a t e d  
s c h e m a t ic a l ly  in  f ig u re  15. A f te r  p r o s ta t e c to m y ,  u r in e  
con ta in ing  u r o k in a s e  flow s o v e r  the  c lo t in  the  ra w  
p r o s ta t i c  bed; i t  is  p o s tu la te d  th a t  c lo t p la s m in o g e n  is  
a c t iv a te d  to  p la s m in  and  c lo t ly s i s  and  im p a i r e d  h a e m o ­
s t a s i s  e n s u e .  W ere  su ch  a  m e c h a n is m  o p e ra t iv e ,  
the  a d m in is t r a t io n  of EACA to  p a t ie n ts  a f te r  p r o s ta t e c to m y ,  
in /
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in  su f f ic ie n t  q u an ti ty  to  in h ib i t  u ro k in a s e  a c t iv i ty ,  shou ld  
be a c c o m p a n ie d  by re d u c e d  b lood  lo s s ,  a s  show n in  the  
lo w e r  p o r t io n  of f ig u re  15. T he e x p e r im e n ta l  r e s u l t s  
to  be r e p o r t e d  w e r e  e n t i r e ly  c o n s is te n t  w ith  th is  h y p o ­
th e s i s .  T he a d m in is t r a t io n  of EACA r e s u l t e d  in  a 
s ig n if ic a n t  (fourfold) re d u c t io n  in  p o s t - o p e r a t iv e  b lood  
lo s s  as  c o m p a re d  w ith  r e s u l t s  o b ta in ed  in  a  c o n tro l  
g ro u p  of p a t ie n ts  not g iv en  EA CA . A s m a l l e r  g ro u p  
of p a t ie n ts  w as  s tu d ie d  a f te r  su p ra p u b ic  p ro s ta te c to m y :  
p o s t - o p e r a t iv e  b lood  lo s s  in  EACA t r e a t e d  p a t ie n ts  w as 
o n e -h a l f  th a t  s e e n  in  c o n t ro ls  no t g iv en  EA CA . EACA 
w a s  a lso  g iven , w ith  b e n e f i t ,  to  a  s m a l l  n u m b e r  of 
p a t ie n t s ,  not in c lu d e d  in  the  c o n t ro l le d  t r i a l s ,  in  w hom  
p r o t r a c t e d  h a e m a t u r i a  p r e s e n te d  a  m a jo r  p r o b le m .  
A dvan tage  w as  ta k e n  of th e  a d m in is t r a t io n  of EA CA  
to  study  f u r th e r  i t s  e x c re t io n  and  to r e l a t e  ch an g es  in  
u ro k in a s e  a c t iv i ty  to  EACA le v e l s .
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T R IA L  O P EACA IN TRA N SU RETH RA L 
PRO STA TEC TO M Y  PA T IE N T S
T h is  c h a p te r  is  in  fo u r  p a r t s :
(i) C l in ic a l  d a ta
(ii) M ethods
(iii) R e s u l ts
(iv) D is c u s s io n
(i) C l in ic a l  D a ta
T w e n ty -e ig h t  p a t ie n ts  w e r e  s tu d ie d .  T h i r t e e n  s e l ­
e c te d  a t ra n d o m  (d raw ing  lo ts )  w e re  t r e a t e d  w ith  EACA 
and  f i f te e n  w e re  c o n t ro ls .  A s s e e n  in  ta b le  11, the  
EA CA  t r e a t e d  g ro u p  and  the  co n tro l  g ro u p  w e re  c o m p a ra b le  
a s  r e g a r d s  ag e , p r e o p e r a t iv e  h aem o g lo b in  l e v e l s ,  p r e ­
o p e ra t iv e  b lood  u r e a  n i t ro g e n  le v e ls  and b lood  p r e s s u r e .  
T r a n s u r e t h r a l  e l e c t r o - r e s e c t i o n s  (M cC arth y  r e s e c t o -  
scope) w e r e  c a r r i e d  out by th e  u ro lo g ic a l  s e r v i c e s  of 
B a rn e s  and  J e w is h  H o s p i ta ls ,  S t, L o u is ,
In  a l l  p a t ie n t s ,  b la d d e r  w a sh o u ts  w e r e  f r e e  f r o m  
m a c r o s c o p ic  b lood  b e fo re  th e  p a t ie n ts  le f t  th e  o p e ra t in g  
ro o m  and  i t  sh o u ld  be e m p h a s is e d  th a t  only  b le ed in g  
w hich  b e g a n  p o s t - o p e r a t iv e ly  w as s tu d ie d ,  EA CA  
in fu s io n s  ( se e  below) w e r e  c o m m e n c e d  w ith in  te n  m in u te s  
of the end  of o p e ra t io n .
T h e /
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T he m e a n  w eig h t of t i s s u e  r e m o v e d  w as  in  the  EACA 
tz 'oa ted  g ro u p  14. 7 -  8 .5  g m . , and in  th e  c o n t ro l  g ro u p
1 5 .4  -  7 .4  g m . , ( t i s s u e  w eighed  by the  p a th o lo g is t ) .
EACA w as  u s e d  as a s t e r i l e  10 p e r  cen t aqueous 
so lu t io n .  In  a l l  p a t ie n ts ,  the  EACA w as a d m in i s t e r e d  
in t r a v e n o u s ly  at a  r a t e  of 1 g m . / h o u r  fo r  4 h o u r s ,  th e n  
0 .5  g m , / h o u r  fo r  8 h o u r s  ( to ta l d o se ,  8 g m . ) In  7 
p a t ie n ts  the  EA CA  w as  ad d ed  to  the  ro u t in e  p o s t ­
o p e ra t iv e  5 p e r  ce n t  d e x t ro s e  in tra v e n o u s  in fu s io n  
(u su a lly  about 1500 m l ,  o v e r  the IE h o u r  p e r io d )  and 
in  6 p a t ie n ts  th e  EACA w as  a d m in is t e r e d  u s in g  a  
c o n s ta n t  r a t e  in fu s io n  pu m p  (H a rv a rd  A p p a ra tu s  C o . , 
D o v e r ,  M a s s . ) .
H is to jo g ic a l  E x a m in a t io n  In  th e  EACA g ro u p  h i s t o ­
lo g ic a l  e x a m in a t io n  of th e  r e s e c t e d  t i s s u e  (S u rg ic a l  
P a th o lo g y  D e p a r tm e n ts  of B a rn e s  and J e w is h  H o sp i ta ls )  
show ed  9 p a t ie n ts  w ith  ben ign  h y p e r p la s ia  (p a t ie n ts  
2, 6, 12, 13, 15, 20, 22, 25 and 28), 4 of w hom  a lso  
show ed  ch ro n ic  in f la m m a t io n  (p a tien ts  6, 12, 20 and 
22), one w ith  f ib r o s i s  (p a tien t 10), one f i b r o s i s  and  
c h ro n ic  in f la m m a t io n  (p a tien t  21) one w ith  le u k a e m ia  
in f i l t r a t io n  (ch ro n ic  ly m p h a tic  le u k a e m ia ,  p a t ie n t  14), 
an d  one w e ll  d i f f e r e n t ia te d  a d e n o c a rc in o m a  of the  p r o s t a t e  
(p a tien t  23). In  the  c o n t ro l  g ro u p , two h a d  w ell 
d i f f e re n t ia te d  a d e n o c a rc in o m a  of the  p r o s t a t e ,  (p a tie n ts  
9 and 26), and  the  re m a in in g  13 h ad  b en ig n  h y p e r p la s ia ,
4 of w hom  a lso  show ed  c h ro n ic  in f la m m a t io n ,  (p a t ie n ts  
4 /
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4, 5, 18 and 27),
P o s to p e r a t iv e  U r in e  C o l le c t io n s  A ll p a t ie n ts  h a d  an 
indw elling  c a th e te r  fo r  2 - 4  days  a f te r  o p e ra t io n ,  and 
24 h o u r  c o l le c t io n s  of c a th e te r  d ra in a g e ,  to g e th e r  w ith  
r e t u r n  f lu id  f r o m  b la d d e r  la v a g e ,  w e re  m a d e .
A n tic o ag u la n t  T he a n t ic o a g u la n t  u se d  in  c o l le c t io n  
of b lood  s a m p le s  w as p o ta s s iu m  o x a la te  (10 m l .  w hole 
b lood  4 20 m g . p o ta s s iu m  o x a la te ) .
(ii) M ethods
( l)  U ro k in a se  A s s a y s
U ro ld n a s e  a c t iv i ty  w as a s s a y e d  by th e  u n h e a te d  f ib r in  
p la te  te ch n iq u e  (m e th o d  of M u l le r t s ,  1952, a s  m o d if ie d  
by A lk ja e r s ig  e t  a l . , 1959a).
In  th e  f ib r in  p la te  t e s t ,  a  f ib r in o g e n  so lu t io n , r i c h  
in  p la sm in o g e n ,  i s  c lo t te d  w ith  th ro m b in  in  a p e t r i  d ish .
If a  s m a l l  am o u n t of a  so lu t io n  con ta in ing  p la s m in o g e n  
a c t iv a to r  i s  p la c e d  on th e  s u r f a c e  of the  p la te ,  the  p la te  
p la sm in o g e n  is  c o n v e r te d  to p la s m in ,  and a f te r  in c u b a tio n , 
th e  h o le s  m a d e  in  th e  p la te  w h e re  th e  f ib r in  i s  ly s e d  
a r e  m e a s u r e d .  A r e a s  of l y s i s ,  e x p r e s s e d  in  s q u a re  
m i l l i m e t r e s  as  th e  p ro d u c t  of two p e r p e n d ic u la r  d ia m e te r s  
of th e  a r e a  of l y s i s ,  a r e  no t l in e a r l ly  r e l a t e d  to a c t iv a to r  
c o n c e n t r a t io n  and  s e r i a l  d ilu t io n s  of a  s ta n d a r d  u ro k in a s e  
p r e p a r a t io n  m u s t  be a s s a y e d  w ith  e a c h  b a tc h  of p la te s ,  
a c t iv i ty  in  the  t e s t  s a m p le  being  r e a d  f r o m  th e  s ta n d a r d  
cu rv e  so p ro d u c e d .
Such  a  f ib r in  p la te  is  p r im a r i l y  s e n s i t iv e  to  p la sm in o g e n  
a c t iv a to r /
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a c t iv a to r ,  b u t i t  i s  a lso  to  a  l e s s e r  ex ten t s u s c e p t ib le  
to d ig e s t io n  by p la s m in  in  a  t e s t  so lu t io n . R e sp o n se  
to a c t iv a to r  can  be e l im in a te d  by h ea tin g  the p la te  to 
d e s t r o y  p la s m in o g e n  (80^C fo r  45 m in u te s ;  L a s s e n ,
1952). R e sp o n se  to p la s m in  in  a  h e a te d  p la te  i s  about 
50 p e r  cen t of th a t  found in  a  c o m p a ra b le  u n h e a te d  p la te  
(A lk ja e rs ig  e t  a l .  , 1959a),
P r e p a r a t i o n  of p la te s  P l a t e s  w e re  p r e p a r e d  by the  m e th o d  
of A lk ja e r s ig  e t  a l .  (1959a) u s in g  A rm o u r  bov ine  f i b r i n ­
ogen  (about 60 p e r  ce n t f ib r in o g e n ) . S q u a re  p la s t i c  p e t r i  
d is h e s  w e re  u se d ,  in te r n a l  m e a s u r e m e n t  8 .9  x  8 .9  cm .
F o r  e a c h  p la te ,  20 m g . f ib r in o g e n  w e re  d is s o lv e d ,  
u s in g  a m a g n e t ic  s t i r r e r ,  in  6 ,0  m l .  b o ra te  b u f fe r ,
0, 1 M o la r ,  pH 8 .0 .  A f te r  adding 2 .0  m l .  of 6 p e r  
cen t d e x t r a n  (M ead Jo h n s to n e)  and 2. 0 m l .  of 0. 7 p e r  
cen t c a lc iu m  c h lo r id e  so lu t io n , the  f ib r in o g e n  so lu t io n  
w as  p o u re d  in to  a  p e t r i  d ish  and  c lo t te d  w ith  0 3 m l . 
of a  50 N . I . H .  u n i t s / m l .  so lu t io n  of th ro m b in  (P a rk e  
D a v is ) ,
A s s a y  T ec h n iq u e  A f te r  le av in g  at ro o m  te m p e r a tu r e  
fo r  15 m in u te s  to a llow  a f i r m  f ib r in  c lo t to  f o r m ,
30 p i .  a l iq u o ts  of t e s t  so lu t io n  w e re  a p p l ied  to the  s u r f a c e  
of the  p la te ,  u s in g  a 0. 1 m l ,  p ip e t te .  E a c h  p la te  w as  
u s e d  fo r  4 t e s t s .  A f te r  s a m p le  ap p l ica t io n , p la te s  w e re  
in c u b a te d  a t 30*  ^ f o r  16 h o u r s  and the  ly s e d  so n e s  d ef ined  
by ad d it io n  of a  d ro p  of 0. 1 p e r  ce n t congo r e d  so lu t io n . 
T y p ic a l  p la te s  a r e  show n in  f ig u re  16,
T h e /
-72"
T he p ro d u c t  of two p e rp e n d ic u la r  d i a m e te r s  w as  u s e d  
as  a m e a s u r e  of the  a r e a  of l y s i s .  U ro k in a se  
c o n c e n tr a t io n  ( u n i t s / m i . )  w as  d e te rm in e d  by r e f e r e n c e  
to  a f  r e  silly ru n  s ta n d a r d  c u rv e .  A  s in g le  b a tc h  of 
u r o k in a s e ,  p r e p a r e d  by D r .  F ,  S m y rn io t is  by the  m e th o d  
of Von K a u lla  (1956) and  s to r e d  in  a s e r i e s  of s m a l l  
tu b e s  a t  - 2 0 ^ 0 ,  w as  u s e d  as  a  s ta n d a rd .  F o r  th e  
s ta n d a r d  c u rv e  ru n  w ith  e a c h  b a tc h  of p la te s ,  th e  
s ta n d a r d  u ro k in a s e  so lu t io n  w as  a s s a y e d  u n d ilu te d ,  and 
d i lu te d  w ith  s a l in e  to  g ive c o n c e n tra t io n s  of 50, 25,
1 2 ,5  and 6 ,2 5  p e r  ce n t ,  F ig u r e  17 show s th e  m e a n  
v a lu e s  and s ta n d a r d  d ev ia t io n s  o b ta in e d  f r o m  a l l  the  
s ta n d a r d  c u r v e s  ru n  th ro u g h o u t th is  s tudy .
C a lc u la t io n  of r e s u l t s  The s ta n d a rd  u r o k in a s e  so lu t io n  
w as  a s s ig n e d  an  a r b i t r a r y  v a lu e  of 100 u ro k in a s e  u n i t s /  
m l .  and a ll  e x p e r im e n ta l  r e a d in g s  a r e  e x p r e s s e d  in  th o se  
u n i t s .  T h e s e  u n its  a r e  about one e igh th  of the  P lo u g  
un it  (P loug  and  K je ld g a a rd ,  1957). F ig u r e  18 show s a 
r e p r e s e n ta t i v e  s ta n d a r d  c u rv e  ( tab le  46, c u rv e  1).
T he s e r i a l  d i lu t io n s  of the  s ta n d a r d  u ro k in a s e  so lu t io n  
gave a r e a s  of l y s i s  of 24 x 21 m m . (100 p e r  cen t) ,
18 X 18 m m .  (50 p e r  cen t) ,  19 x 13 m m .  (25 p e r  cen t) ,
13 X 13 m m .  (12, 5 p e r  cent)  and  1 1 x 9  m m ,  (6 ,2 5  p e r  
c en t) .  A u r in e  s a m p le  (p a tien t  1, p r e o p e r a t iv e  sam p le )  
gave a zone of l y s i s  of 15 x  11 m m . I n te rp o la t io n  in  
th e  s ta n d a r d  c u rv e  a s  shown in  the  f ig u re  gave  a  u r in e  
u ro k in a s e  a c t iv i ty  of 12 .1  p e r  cen t of the  s ta n d a r d  
u r o k in a s e /
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u ro k in a s e  so lu t io n , th a t  i s  the  u ro k in a s e  a c t iv i ty  of 
the  u r in e  u n d e r  t e s t  w as  12. 1 u n i t s / m l .  A s the  u r in e  
vo lum e w as  2170 m l .  , 24 h o u r  u ro k in a s e  a c t iv i ty  w as  
c a lc u la te d  as  12. 1 x 2170 u n its  = 2 6 ,2 6 0  u n i t s .  
R e p ro d u c ib i l i ty  of the  U ro k in a se  A s s a y  T a b le  12 show s 
th e  r e s u l t s  of d u p lic a te  u ro k in a s e  a s s a y s  of 12 s a m p le s .  
T he s ta n d a r d  e r r o r  of a  s in g le  o b s e rv a t io n  i s  2 .4 1 4  
an d  th e  co e ff ic ie n t  of v a r ia t io n  7 .1 8  p e r  c e n t  ( f ig u re s  
c a lc u la te d  by D r . R .A .  Robb).
U r in e  s p e c im e n s  w e re  a s s a y e d  fo r  u r o k in a s e  a c t iv i ty  
b e fo re  and  a f te r  d ia ly s i s .  A s s a y  b e fo re  d ia ly s i s  w as  
c a r r i e d  out o v e rn ig h t  on the  day e a c h  c o l le c t io n  w as  
c o m p le te d .  D u rin g  th e  s a m e  n ig h t,  and fo llow ing  day , 
a l iq u o ts  of u r in e  w e re  d ia ly s e d ,  and w e re  a s s a y e d  fo r  
u ro k in a s e  a c t iv i ty  on the  fo llow ing n igh t.
D ia ly s is  of 5 -  10 m l .  s a m p le s  w as  c a r r i e d  ou t fo r  
o24 h o u r s  at 4 C a g a in s t  10 •» 15 l i t r e s  of c o n s ta n t ly  
s t i r r e d  0. 1 M o la r  p h o sp h a te  b u f fe r ,  pH 7 ,6 ,  and  w as  
a lw ay s  a s s o c ia te d  w ith  lo s s  of u ro k in a s e  a c t iv i ty .
F o r  64 o b s e rv a t io n s  in  the  28 s u b je c ts ,  lo s s  of a c t iv i ty  
on d ia ly s is  w as  34, 9 - 9 , 0  p e r  cen t (p o s to p e ra t iv e  
s a m p le s  f r o m  the  FAC A t r e a t e d  j^atients a r e  ex c lu d ed ) ,  
A s im i l a r  l o s s  of a c t iv i ty  w as  s e e n  w hen  the  s ta n d a r d  
u r o k in a s e  p r e p a r a t io n  w as  d ia ly s e d  ( tab le  13).
T he l o s s  of ac t iv i ty  on  d ia ly s is  m a y  be due to  c o ­
p r e c ip i t a t io n  w ith  m u c o p ro te in .  A c o n t r ib u to ry  f a c to r  
i s /
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i s  the  s l ig h t  i n c r e a s e  in  w e igh t (4 ,5  -  1 .5  p e r  cen t,  
ta b le  14) found  a f te r  d ia ly s i s .
E f fe c t  of whole, b lood  on th e  u ro k in a s e  a s s a y  A s m an y  
of the  u r in e  s a m p le s  show ed  f ra n k  h a a m a tu r l a ,  the  
fo llow ing  e x p e r im e n t  w as  c a r r i e d  out to a s s e s s  the  
e f fec t  of w hole  b lood  on th e  u ro k in a s e  a s s a y  s y s te m .  
M ethod  S ta n d a rd  u ro k in a s e  so lu t io n , d i lu te d  1;3 
w ith  (a) s a l in e ,  (b) bank  b lood , d i lu te d  1:49 w ith  s a l in e  
o r  (c) o x a la te d  f r e s h  b lood  d ilu ted  1:49 w ith  s a l in e ,  w as 
a s s a y e d  by the  f ib r in  p la te  te c h n iq u e .
R e s u l t s  a r e  show n in  ta b le  15. I t  w ill  be s e e n  th a t  d ilu te  
b an k  b lood  and  f r e s h  b lood  h a d  no s ig n i f ic a n t  e f fe c t  on 
th e  a s s a y  v a lu e s .
(2) U r in a r y  B lood C on ten t
T h is  w as  m e a s u r e d  as  h a e m o g lo b in  by a  m o d if ie d  
c y a n m e th a em o g lo b in  m e th o d . I n t r a v a s c u la r  h a e m o ly s is  
a s  a  c a u se  fo r  h a e m o g lo b in u r ia  w as  ex c lu d ed  by in s p e c t io n  
of p o s to p e ra t iv e  p la s m a  sp e c im e n s ;  in  no c a s e  w as  
h a e m o g lo b in a e m ia  d e te c te d .
M ethod  To 9 m l ,  of u r in e  w as  added  1 m l .  c o n c e n t r a te d  
D ra b k in ’s S o lu tio n  ( F i s h e r  S c ie n tif ic  C o . , P i t tsb u rg h *  
P a , ) ,  The s p e c im e n  w as  c e n tr i fu g e d  a t  2 ,0 0 0  r . p. m . 
f o r  te n  m in u te s .  If a d e p o s i t  of u n h a e m o ly s e d  r e d  c e l ls  
w as  p r e s e n t ,  i t  w as  f ro z e n  and th aw ed  and  th e n  d is s o lv e d  
in  0. 2 m l .  of u r e a  so lu t io n  (30 g m . 1 100 m l . )  and  added  
to  the  s u p e rn a ta n t .  O p tica l  d en s ity  w a s  r e a d  a t  540 m p . 
in /
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in  a B e c k m a n  D.XJ* s p e c t ro p h o to m e te r ,  u s in g  9 m l ,  
p o o le d  n o r m a l  u r in e  w ith  1 m l .  D ra b k in ’s S o lu tio n  a s  
a  b lan k . If  u r e a  h a d  b e e n  u s e d  in  p r e p a r in g  the  
s a m p le ,  i t  w as  a ls o  added  to  the  b lank . T he po o led  
u r in e  w h ich  w as u s e d  a s  a  b lank  th ro u g h o u t th is  
in v e s t ig a t io n  w as  p r e p a r e d  f r o m  10 n o r m a l  u r in e  
s a m p le s .  M ercux^ochrom e, 100 m g , / l i t r e ,  w as 
ad d ed  a s  a  p r e s e r v a t iv e  and the  u r in e  w as  s to r e d  
a t  4 C ,
U rin e  s a m p le s  w e r e  d i lu te d  w ith  w a te r  if n e c e s s a r y  
to  k eep  o p t ic a l  d e n s i ty  r e a d in g s  below  0 .9 0 0 .
S ta n d a rd  c u rv e  H ae m o g lo b in  c o n c e n t r a t io n  (m g . / m l . ) 
w a s  o b ta in ed  by r e f e r e n c e  to  a  s ta n d a r d  c u rv e  ( f ig u re  
19), in  w h ich  o p t ic a l  d e n s i t ie s  a t 540 m p , , of u r in e  
t r e a t e d  a s  d e s c r ib e d ,  a r e  p lo t te d  a g a in s t  u r i n a r y  
h a e m o g lo b in  c o n c e n tr a t io n .  Two u r i n e s ,  one c o n c e n tr a te d ,  
s p e c if ic  g ra v i ty  1028, the  o th e r  d ilu te ,  s p e c if ic  g ra v i ty  
1010, w e re  u s e d  to p r e p a r e  the  s ta n d a r d  c u rv e .  Known 
c o n c e n tr a t io n s  of h a e m o g lo b in  in  u r in e  w e r e  p r e p a r e d  
by the  ad d itio n  w ith  a  m ic r o b u r e t t e  of f r e s h  b lood , 
h ae m o g lo b in  le v e l  10 g m ./lO O  m l .  T he u r in e  s a m p le s  
w e r e  th e n  t r e a t e d  w ith  D rabkin^s S o lu tion  and  o p tic a l  
d e n s i t ie s  a t  540 m p . e s t im a te d  u s in g  th e  p o o le d  n o rm a l  
u r in e  a s  a  b la n k .  R e s u l t s  a r e  show n in  f ig u re  19.
W h e re  o p t ic a l  d e n s i ty  rea;dings w e r e  be low  0 .0 1 5 ,  
th a t  i s  abou t 0 .0 3  m g . h a e m o g lo b in /m l . , o r  0 ,2  m l .  
of/
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of n o r m a l  b lood  (h aem o g lo b in  1 4 ,6  g m , / 100 m l . )  p e r  
l i t r e  of u r in e ,  h a e m o g lo b in  c o n c e n tra t io n s  w e re  
r e c o r d e d  as  z e ro .
T he  e f fe c t  of EACA on u r in a r y  h ae m o g lo b in  a s s a y  
In  v iew  of the p o s s ib i l i ty  aha t EACA in  the  u r in e  m ig h t  
in f lu en c e  u r in e  h ae m o g lo b in  e s t im a t io n s ,  the  e f fe c t  
of EACA on th e  h ae m o g lo b in  a s s a y  s y s t e m  w as  d e te rm in e d .  
M ethod  T o e a ch  of 10 a l iq u o ts  (10 m l . )  of two n o rm a l  
u r in e s  w as  added  40 p i .  f r e s h  whole b lood , h a e m o g lo b in  
c o n c e n tr a t io n  10 g m . / 100 m l .  EACA w as  th e n  added  
to  g ive p a i r s  of s a m p le s ,  one f ro m  e a c h  u r in e ,  w ith  
EA CA  c o n c e n tr a t io n  of 10 10 10 and 10 ^
M o la r .  T he o p tic a l  d e n s i ty  at 540 m p of th e s e  u r in e  
s a m p le s  and  of two c o n tro l  s a m p le s  f r o m  e a ch  u r in e  
to w hich  no EACA h ad  b een  added , w as  th e n  d e te r m in e d  
a f t e r  ad d itio n  of D ra b k in 's  S o lu tion , u s in g  th e  po o led  
n o r m a l  u r in e  as b lank ,
R e s u l t s  a r e  show n in  ta b le  16, I t  w ill  be s e e n  th a t
-4a d d it io n  of EACA in  c o n c e n tra t io n s  f r o m  10 to  
- 110 M o la r  d id  not a ffec t  the a s s a y  f o r  h ae m o g lo b in  in  
the  u r in e .
C o n c lu s io n  T he p r e s e n c e  of EACA in  th e  u r in e  did 
no t a ffec t  the  a s s a y  s y s t e m  fo r  h a e m o g lo b in  in  u r in e .
(3) EACA A s s a y s
EACA co n ten t of u r in e  w as  a s s a y e d  as  d e s c r ib e d  in  
C h a p te r  5.
{ 4 ) 1
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(4) H e a te d  F i b r i n  P l a t e  T e s t s
In  h e a te d  f ib r in  p l a t e s , as  a l r e a d y  d e s c r ib e d ,  s e n ­
s i t iv i ty  to  p la s m in o g e n  a c t iv a to r  h a s  b ee n  e l im in a te d  by 
d e s t ro y in g  the  p la sm in o g e n  con ten t of the  p la te  b e fo re  
a s s a y ,  and f ib r in o ly t ic  a c tiv i ty  s e e n  w ith  h e a te d  p la te s  
i s  due to  p r e f o r m e d  p ro te o ly t ic  e n z y m e s  in  the  t e s t  
so lu t io n . B e c a u s e  of p a r t i a l  d é n a tu ra t io n  of the  f ib r in ,  
s e n s i t iv i ty  of h e a te d  p la te s  to  p la s m in  is  about 50 p e r  
cen t of th a t  found  in  com%)arable u n h e a te d  p la te s  
(A lk ja e rs ig  e t  a l .  1959a).
M ethod  F i b r i n  p la te s  w e re  p r e p a r e d  as  d e s c r ib e d  
e a r l i e r  in  th is  c h a p te r ,  and  a f te r  s tan d in g  a t r o o m  
t e m p e r a tu r e  fo r  15 m in u te s  to p e r m i t  f i r m  c lo tt in g , 
w e re  h e a te d  to 80^C fo r  45 m in u te s  in  a ho t a i r  oven . 
A f te r  a p p l ic a t io n  of t e s t  so lu t io n s  (30 p i .  a l iq u o ts )  
p la te s  w e r e  in c u b a te d  o v e rn ig h t  at 30^C.
(5) C a se in o ly t ic  A s s a y s
T he m e th o d  em p lo y ed  w as  a m o d if ic a t io n  of the  
c a s e in o ly t ic  a s s a y  fo r  p la sm in o g e n  (apixendix 4).
Two m l .  of u r in e  w as  in c u b a te d  a t 37^C fo r  62 m in u te s  
w ith  2 .0  m l .  p h o sp h a te  b u f fe r ,  0. 1 M o la r ,  pH 7 .6 ,  
and  2 .0  ml* c a s e in  so lu t io n , The ty r o s in e  con ten t of 
a l iq u o ts  ta k e n  off a t  2 and  62 m in u te s  w as  e s t im a te d  
a s  d e s c r ib e d  in  the  p la sm in o g e n  a s s a y  (append ix  4).
(6) U r in a r y  P r o te o ly t i c  A c tiv i ty  a t pH 2 (U ro p e p s in
ac tiv i ty )
In /
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In  v iew  of the  p r o p e r ty  of EACA as  an in h ib i to r  of 
p e p s in  (C h a p te r  8) the  p ro te o ly t ic  a c t iv i ty  a t  pH 2 
(u ro p e p s in  ac tiv i ty )  of the  f i r s t  p o s t  o p e ra t iv e  24 
h o u r  u r in e  c o l le c t io n s  w as  s tu d ie d .
M ethod  The a s s a y  s y s t e m  w ith  an a c id  h a e m o g lo b in  
s u b s t r a t e ,  d e s c r ib e d  in  C h a p te r  8, w as u s e d ,  0 .5  m i ,  
u r in e  and  0. 5 m l .  s a l in e  being  in c u b a te d  at 3 7^0  fo r  
1 h o u r  w ith  4 .0  m l ,  s u b s t r a t e .  The a s s a y  t h e r e a f t e r  
w as  c a r r i e d  out as p re v io u s ly  d e s c r ib e d ,  ty r o s in e  
r e l e a s e  f ro m  th e  h a e m o g lo b in  being  e s t im a te d  c o lo r -  
i m e t r i c a l l y ,
(7) E ffe c t  of U r in e  on T h ro m b in  C lo ttin g  T im e s  of 
N o rm a l  P l a s m a
M ethod  T he th ro m b in  c lo tting  t im e  of 0 . 1 m l ,  of a 
1:1 m ix tu r e  of n o rm a l  p l a s m a  and t e s t  u r in e  o r  s a l in e  
w as  a s s a y e d  a s  d e s c r ib e d  in  append ix  4 . T e s t s  w e r e  
c a r r i e d  out in  d u p l ic a te .
(8) P l a s m a  P la s m in o g e n  L e v e ls
M ethod  T h e  c a s e in o ly t ic  m e th o d  u s e d  i s  d e s c r ib e d  
in  append ix  4 . S a m p le s  f r o m  EACA t r e a t e d  p a t ie n ts  
w e re  d ia ly s e d  o v e rn ig h t  a t  4^C a g a in s t  a  l a r g e  v o lu m e  
of 0 ,9  p e r  ce n t s a l in e  to  re m o v e  EACA b e fo re  a s s a y .
(9) F ib r in o g e n  L e v e ls
M ethod  T he m e th o d  u s e d  is  d e s c r ib e d  in  append ix  4.
(10) T h ro m b in  C lo tting  T im e s  w e re  e s t im a te d  as  
d e s c r ib e d  in  append ix  4.
(11) E u g lo b u lin  L y s is  A ctiv ity  
E u g lo b u lin /
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E u g lo b u lin  l y s i s  a c t iv i ty  w as  s tu d ied  by the  m e th o d  
d e s c r ib e d  in  append ix  4.
(12) P l a s m a  EACA C o n c e n tra t io n s  w e r e  a s s a y e d  as  
d e s c r ib e d  in  C h a p te r  5.
(ill) R e s u l t s
F o r  e a c h  p a t ie n t ,  the  fo llow ing  w e r e  s tud ied :
On 24 h o u r  u r in e  c o l l ­
e c t io n s  fo r  5 days 
a f te r  o p e ra t io n
(1) U ro k in a se  a c t iv i ty  b e fo re  
and  a f te r  d ia ly s i s
(2) H ae m o g lo b in  con ten t
(3) EACA le v e ls *
On th e  f i r s t  24 h o u r  
p o s t  o p e ra t iv e  u r in e  
c o l le c t io n
(4) H ea te d  f ib r in  p la te  t e s t
(5) C a se in o ly t ic  a s s a y
(6) U ro p e p s in  a s s a y
(7) E ffe c t  on  th ro m b in  c lo tting  
t im e  of n o rm a l  p l a s m a
(8) P la s m in o g e n  a s s a y
(9) F ib r in o g e n  a s s a y
On p la s m a  s a m p le s  (lO) T h ro m b in  c lo ttin g  t im e s
o b ta in ed  4 h o u r s  a f te r  (11) E u g lo b u lin  l y s i s  a c t iv i ty
o p e r a t io n (in so m e  p a t ie n ts  only)
(12) EACA c o n c e n tr a t io n
(a lso  e s t im a te d  in  s a m p le s  
ta k e n  off 8 h o u r s  a f te r  
o p e ra t io n )
E s t im a te d  in  EACA t r e a t e d  p a t ie n ts  on ly .
™ 80 ■”
(1) U îroldnase a c t iv i ty  T h is  ac tiv i ty  w as fo llo w ed  fo r  
5 days a f te r  o p e ra t io n .  A s s a y s  w e re  a lso  m a d e  b e fo re  
o p e ra t io n ,  and  e a c h  s a m p le  w as  a s s a y e d  a f te r  d ia ly s is  
to p e r m i t  c o m p a r i s o n  of t r u e  u ro k in a s e  e x c re t io n  r a t e s  
b e tw e e n  t r e a t e d  and c o n tro l  g ro u p s .
T he d a ta  a r e  p r e s e n te d  in  f ig u re s  20 and 21, and  a r e  
s u m m a r i s e d  in  ta b le s  17 and 18.
F ig u r e  20 i l l u s t r a t e s  u ro k in a s e  a s s a y s  p e r f o r m e d  
on  u n d ia ly s e d  u r in e  s p e c im e n s  o b ta in ed  f r o m  the  two 
s u b je c t  g ro u p s .  I t  w ill  be s e e n  th a t  in  the  c o n t ro l  
s u b je c ts  o p e ra t io n  d id  n o t a ffec t  u r o k in a s e  a c t iv i ty ,  
w h ich  d id  not v a r y  s ig n if ic an t ly  f r o m  day to day th ro u g h ­
out the  p e r io d  of o b s e rv a t io n .  In  c o n t r a s t ,  in  th e  EA CA  
t r e a t e d  g ro u p , as  sa y  ab le  u ro k in a s e  a c t iv i ty ,  w h ich  
w as s i m i l a r  p r e o p e r a t iv e ly  to  th a t  of the c o n tro l  g ro u p  
( t  -  0 .1 8 6 ,  0, 7 < p > 0, 8) w as  z e ro  on th e  f i r s t  p o s t ­
o p e ra t iv e  day and  a  m e a n  of 25 p e r  cen t of the  m e a n  
v a lu e  f r o m  the  c o n t ro l  s u b je c ts  on the  s e c o n d  day 
(t = 5. 988, p < 0 ,0 0 1 ) ,  E v en  by the  th i r d  day a c t iv i ty  
in  th e  EA CA  t r e a t e d  g ro u p  h a d  not fu lly  r e tu r n e d  to 
c o n tro l  l e v e l s ,  though  the  d e p r e s s io n  is  no t s ig n if ic a n t  
a t  th e  5 p e r  cen t le v e l .  F ig u r e  21 d e m o n s t r a te s  th a t  
EACA a d m in is t r a t io n  d id  no t a l t e r  t r u e  u ro k in a s e  
e x c re t io n  r a t e s ,  a s  u ro k in a s e  a s s a y s  on d ia ly s e d  s p e c ­
im e n s  f r o m  th e  two s u b je c t  g ro u p s  d id  no t d if fe r  
s ig n if ic a n t ly  (p v a lu e s  in  ta b le  18, n e v e r  l e s s  th a n  
0 .5 ) .  S im i la r ly  i t  i s  a p p a re n t  th a t  in  n e i th e r  g ro u p  
d id /
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d id  u ro k in a s e  e x c re t io n  a l t e r  as  a  r e s u l t  of th e  o p e ra t iv e  
p r o c e d u r e ,
(2) B lood  L o s s  (U rine  h ae m o g lo b in  content)  T h e  b lood  
l o s s  w as  s tu d ie d  fo r  5 days a f te r  o p e ra t io n  (in one t r e a t e d  
p a t ie n t  and one c o n tro l  p a t ie n t  fo r  4 days  only# and 
in  one c o n t ro l  p a t ie n t  fo r  th r e e  days  on ly). R e s u l t s  
a r e  s u m m a r i s e d  in  ta b le  19» and a r e  a ls o  g r a p h ic a l ly  
p r e s e n te d  in  f ig u re  22, w h ich  show s th a t  b lood  lo s s  in  
the  EACA t r e a t e d  p a t ie n ts  w as  m u c h  r e d u c e d  a s  c o m ­
p a r e d  to  th a t  of the  c o n tro l  g ro u p . A s m ig h t  be e x p e c te d  
f r o m  the  e x te n t  of u ro k in a s e  in h ib i t io n , the  d i f fe re n c e  
w a s  m o s t  m a r k e d  on the  f i r s t  p o s to p e ra t iv e  day w hen  
th e r e  w a s  a  fo u r fo ld  r e d u c t io n  in  b lood lo s s  in  the  EACA 
t r e a t e d  p a t ie n ts  a s  c o m p a r e d  w ith  th a t  in  th e  c o n t ro l  
g ro u p . T h e  ra n g e  in  b lood  lo s s  o v e r  the  5 day p e r io d  
in  the  EACA t r e a t e d  g ro u p  w as  f r o m  0, 5 to  5. 2 g m . 
h ae m o g lo b in ;  in  the  c o n t ro l  g ro u p , f r o m  2 .5  to  45 . 6 gm . 
D u ra t io n  of b leed in g  T he d u ra t io n  of b leed in g  in  the  
EA CA  t r e a t e d  p a t ie n ts  w as  a lso  r e d u c e d ,  a s  i s  show n 
in  f ig u re  23, w h ich  i s  a  c o m p a r is o n  of th e  p e r c e n ta g e  
of p a t ie n ts  o b s e rv e d  f o r  th e  fu ll 5 day p e r io d  who h a d  
m e a s u r a b le  b lood  lo s s  on s u c c e s s iv e  p o s to p e ra t iv e  d a y s .  
F o r  the  12 EA CA  t r e a t e d  p a t ie n ts  fo llow ed  fo r  the  fu ll 
5 day p e r io d ,  t h e r e  w as  b lood  in  36 d a i ly  s a m p le s ,  but 
no b leed in g  w as  d e te c te d  in  24 s a m p le s ;  fo r  th e  13 
c o n tro l  s u b je c ts ,  t h e r e  w as  b lood  in  54 s a m p le s ,  and  
on ly /
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only in  11 w as  no b lood  d e te c te d .  T he d i f f e re n c e  b e tw e en
2th e  two g ro u p s  is  s ig n if ic a n t  (chi = 7 .2 4 2 ,  p < 0 .0 1 ) .
No c o r r e l a t i o n  w as  o b s e rv e d  b e tw een  p ro  o p e ra t iv e  
u ro k in a s e  c o n c e n tr a t io n  and b lood  lo s s  fo llow ing  s u r g e r y  
(fo r  the  c o n tro l  g ro u p  r  = -*0,377, p > 0 . 1, and  f o r  th e  
EACA t r e a t e d  g ro u p , r  = -0 \4 5 9 ,  p > 0, 1). N o r ,  as  
s e e n  in  f ig u re  24 d id  a s ig n if ic a n t  r e la t io n s h ip  e x i s t  
b e tw een  p o s to p e ra t iv e  b leed in g  and  th e  am o u n t of p r o  s ta t ic  
t i s s u e  r e s e c t e d  (fo r  the  EACA t r e a t e d  g ro u p ,  n  -  12, 
r  = " 0 ,2 7 6  and  p > 0 . 1; and fo r  the  c o n t ro l  p a t i e n t s ,  
n = 13, r  = 40 . 144 and p > 0. 1),
(3) U r in a r y  EACA C o n ten t R e s u l ts  a r e  s u m m a r i s e d  
in  ta b le  20.
R e la t io n s h ip  b e tw e e n  EACA c o n c e n t r a t io n  and  u ro k in a s e  
in h ib i t io n  Shown in  f ig u re  25 i s  the  r e la t io n s h ip  b e tw e en  
EA CA  c o n c e n tr a t io n  and  u ro k in a s e  in h ib i t io n  in  v a r io u s  
24 h o u r  u r in e  c o l le c t io n s .  S a m p le s  in  w h ich  u ro k in a s e  
in h ib i t io n  w as  c o m p le te  and  in  w hich  EACA m a y  th e r e f o r e  
hav e  b e e n  p r e s e n t  in  e x c e s s  of the  am o u n t n e e d e d  to 
p ro d u c e  c o m p le te  in h ib i t io n ,  a r e  ex c lu d ed . A lso  
ex c lu d ed  a r e  s a m p le s  w ith  EACA c o n c e n tr a t io n s  below  
5 X 10 M o la r ,  in  w h ich  in h ib i t io n  w as  a b s e n t  o r  
n e g l ig ib le .  I t  w ill  be s e e n  th a t  th e r e  is  a  l i n e a r  r e l a t i o n ­
sh ip  b e tw e e n  u ro k in a s e  in h ib i t io n  ( u n i t s /m l . )  and  th e  
lo g a r i th m  of the EACA c o n c e n tra t io n  ( r  « 4 0 .8 4 ,  
p < 0 .0 1 ) ,  T he r e g r e s s i o n  l in e  c a lc u la te d  f r o m  the  
d a ta  i s  show n (y = l6 .5 3 x  4 56 ,07) ( R e g re s s io n  c o e ff ic ie n t  
and /
- 8 3 -
an d  eq u a tio n  fo r  r e g r e s s i o n  l in e  c a lc u la te d  by D r .  R .
A . R o b b ) .
(4) H e a te d  F i b r i n  P la t e  T e s t s  A s s a y s  w e re  c a r r i e d  
ou t w ith  a l iq u o ts  of the  f i r s t  p o s to p e ra t iv e  24 h o u r  
u r in e  c o l le c t io n  f r o m  e a c h  p a t ie n t  in  the  EA CA  t r e a t e d  
g ro u p  and  th e  c o n t ro l  g ro u p . In  no c a s e  w as  l y s i s  of 
th e  h e a te d  f ib r in  p la te  found.
(5) C a s e in o ly t ic  A s s a y s  A s s a y s  w e re  c a r r i e d  out 
w ith  a l iq u o ts  of the  f i r s t  p o s to p e ra t iv e  24 h o u r  u r in e  
c o l le c t io n  f r o m  e a c h  p a t ie n t  in  the EACA t r e a t e d  g ro u p  
and  c o n tro l  g ro u p . In  no c a s e  w as ev id en ce  of ty r o s in e  
r e l e a s e ,  i . e .  c a s e in o ly t ic  a c t iv i ty ,  d e te c te d .
(6) U ro p e p s in  A s s a y s  A s s a y s  w e re  c a r r i e d  out w ith  
a l iq u o ts  of th e  f i r s t  p o s to p e ra t iv e  24 h o u r  u r in e  c o l le c t io n  
f ro m  e a c h  p a t ie n t  in  th e  EACA t r e a t e d  and  c o n tro l  g ro u p s .  
R e s u l t s  a r e  show n in  ta b le s  21 and 22. F r o m  the  o p t ic a l  
d e n s i ty  re a d in g  o b ta in ed  w ith  e ach  u r in e  s a m p le  w as 
c a lc u la te d  the  e q u iv a le n t p e p s in  c o n c e n tra t io n  of e a c h  
sa m p le  in  t e r m s  of the  a c tiv i ty  in  th is  a s s a y  s y s t e m  of
a  p u r i f ie d  bovine p e p s in  p r e p a r a t io n  (see  ta b le  43:
a  0 .0 0 5  m g . / m l .  so lu t io n  of the  p e p s in  gave  an  o p tic a l
d e n s i ty  of 0. 177). F in a l  r e s u l t s  a r e  e x p r e s s e d  in  t e r m s
of p e p s in  a c t iv i ty  ( m g , / 24 h o u r  u r in e  c o l le c t io n ) .
I t  w ill  be s e e n  th a t ,  fo r  th e  f i r s t  24 h o u r s ,  ' 'u ro p e ip s W
4a c tiv i ty  w a s ,  in  the  c o n tro l  g roup  a m e a n  of 2, 60 -  
0 . 58 m g . , and in  the  EA CA  t r e a t e d  g ro u p  a  m e a n  of 
1/
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1, 35 i  1. 26 m g . ; th e  d i f fe re n c e  i s  s ig n if ic a n t  (t =
3 .4 4 8 ,  p < 0 ,0 1 ) ,
(?) E ffe c t  of U r in e  on the  T h ro m b in  C lo tt in g  T im e
T h e  e f fe c ts  on th e  th ro m b in  c lo ttin g  t im e s  of n o r m a l  
p la s m a  of u r in e s  (a liquo ts  f r o m  the  f i r s t  p o s to p e ra t iv e  
24 h o u r  c o l le c t io n s )  f r o m  the  EACA t r e a t e d  and  c o n t ro l  
p a t ie n ts  a r e  s u m m a r i s e d  in  ta b le  23, w h ich  a lso  show s 
m e a n  v a lu e s  f r o m  o b s e rv a t io n s  m a d e  w ith  15 u r in e s ,  
o b ta in e d  f r o m  n o r m a l  s u b je c ts  (c o lle ag u es  and  s tu d e n ts ) .  
A ll  u r in e s  w e r e  a lso  t e s t e d  a f te r  o v e rn ig h t  d ia ly s is  
a g a in s t  a  l a r g e  v o lu m e  of 0, 9 p e r  ce n t so d iu m  c h lo r id e  
so lu t io n ,  and th e s e  r e s u l t s ,  to g e th e r  w ith  c o n t ro l  
o b s e rv a t io n s  w ith  s a l in e  added  1:1 to  p la s m a ,  a r e  a3.so 
show n in  ta b le  23.
I t  w ill  be s e e n  th a t  in  all th e s e  g ro u p s  of s u b je c ts  the  
ad d i t io n  of u r in e  to p la s m a  b e fo re  e s t im a t io n  of the  
th ro m b in  c lo ttin g  t im e  r e s u l t e d  in  a m a r k e d  in c r e a s e  
in  th e  c lo tt in g  t im e  a s  c o m p a re d  w ith  c o n t ro l  o b s e rv a t io n s  
w ith  a  p l a s m a - s a l i n e  m ix tu r e .  H o w e v e r ,  w hen  th e  
u r in e  s a m p le s  w e re  d ia ly s e d  b e fo re  ad d itio n  to  th e  
p la s m a ,  th e  th ro m b in  c lo tting  t im e s  of the  p l a s m a - u r in e  
m ix tu r e s  w e r e  id e n t ic a l  w ith  th e s e  of the p l a s m a - s a l i n e  
m ix tu r e s .
(8) P l a s m a  p la sm in o g e n  a s s a y s  w e re  c a r r i e d  out on 
s a m p le s  ta k e n  off 4 h o u r s  a f te r  o p e ra t io n ,  R e s u l t s  
a r e  s u m m a r i s e d  in  ta b le  24, w h e re  i t  w ill  be s e e n  th a t  
m e a n  v a lu e s  and s ta n d a r d  d e v ia tio n s  in  EA CA  t r e a t e d  
and/
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an d  c o n tro l  g ro u p s  a r e  id e n t ic a l .  F u r t h e r ,  no 
in d iv id u a l v a lu e  w as  ou tw ith  the  n o rm a l  r a n g e  (2 « 4 
c a s e in  u n i ts /  m l , ) ,
(9) P l a s m a  f ib r in o g e n  a s s a y s  A s s a y s  w e r e  c a r r i e d  
out on p la s m a  s a m p le s  ta k e n  off 4 h o u rs  a f te r  o p e ra t io n .
R e s u l t s  a r e  s u m m a r i s e d  in  ta b le  24, w h e re  i t  w ill  be 
s e e n  th a t  the  m e a n  va lue  o b ta in ed  in  the  c o n t ro l  g ro u p  
(300 i  60 m g ,  / 100 m l . ) does no t d if fe r  s ig n if ic a n t ly  
f r o m  th a t  found in  th e  EACA t r e a t e d  g ro u p  (287 -
63 m g ,  / 100 m l , ) .  F u r t h e r ,  no in d iv id u a l v a lu e  w as  
below  th e  lo w e r  l im i t  of n o r m a l  (200 m g , /  100 m l . ) ,
(10) T h ro m b in  C lo tt in g  T im e s  A s s a y s  w e re  c a r r i e d  
ou t on p la s m a  s a m p le s  ta k e n  off 4 h o u rs  a f te r  o p e ra t io n .
R e s u l t s  a r e  s u m m a r i s e d  in  ta b le  24, w h e re  i t  w ill  be 
se e n  th a t  th e  m e a n  v a lu e  (10, 5 -  0 ,9  se co n d s)  found 
w ith  c o n t ro l  p a t ie n ts  does no t d if fe r  s ig n if ic a n t ly  f r o m  
th a t  found  in  the  EA CA  t r e a t e d  g roup  (1 0 .3  -  0 ,9  s e c o n d s ) .  
F u r t h e r ,  no in d iv id u a l v a lu e  w as  ou tw ith  the  n o r m a l  ra n g e  
(9 ,0  -  1 2 ,5  s e c o n d s ) ,
(11) E u g lo b u lin  L y s i s  A c tiv ity
P r e o p e r a t iv e  a s s a y s  w e re  c a r r i e d  out on p la s m a  s a m p le s  
f ro m  the  p a t ie n ts  w ith  p r o s ta t e  c a r c in o m a  (p a t ie n ts  
9, 23 an d  26). In  a l l  t h r e e  p a t ie n ts ,  v a lu e s  w e re  n o r m a l  
( le s s  th a n  0 .1  u n it) .  A s s a y s  w e r e  a lso  c a r r i e d  out on 
p a t ie n t  14, w ith  l e u k a e m ia ,  and on p a t ie n ts  1, 4, 5, 6, 10 
and  27, th e  v a lu e s  in  a l l  c a s e s  w e re  n o r m a l  ( le s s  th an  0. 1 un it) . 
P o s to p e r a t iv e  a s s a y s  A s s a y s  w e re  c a r r i e d  ou t in  p a t ie n ts  
1/
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X -  15 in  p la s m a  s a m p le s  o b ta in ed  4 h o u r s  a f t e r  o p e ra t io n .  
In  a l l  c a s e s  r e s u l t s  w e re  n o r m a l  ( le s s  th a n  0. 1 u n it) ,
(12) P l a s m a  EACA L e v e ls  Shown in  ta b le  ZB a r e  p la s m a  
E A C A  le v e ls  a t 4 and  8 h o u r s  a f te r  opera tion*
S ide  E f fe c ts  of EACA A d m in is t r a t io n  No a d v e r s e  e f fe c ts  
a t t r ib u ta b le  to  EA CA  a d m in is t r a t io n  w e r e  s e e n ,  In  
p a r t i c u l a r ,  t h e r e  w as  no ev id en ce  of th r o m b o s i s  in  the  
v e in s  by w h ich  EA CA  w a s  ad m .in is te red .  T h e r e  w e r e  
no s ig n if ic a n t  ch a n g es  in  body t e m p e r a tu r e  o r  p u ls e  r a te  
w h ich  cou ld  n o t be s a t i s f a c to r i ly  e x p la in e d  f o r  o th e r  
r e a s o n s ,  e . g ,  c h e s t  in fe c t io n  o r  b le ed in g ,
(iv) D is c u s s io n
T h e  g e n e ra l  s ig n if ic a n c e  of the  f ind ings  in  r e la t io n  t o  
in h ib i t io n  of u r o k in a s e  a c t iv i ty  and  re d u c t io n  in  b lood  l o s s ,  
to g e th e r  w ith  th e  r e s u l t s  f r o m  the  p a t ie n ts  s tu d ie d  a f te r  
su p ra p u b ic  p r o s ta t e c to m y ,  an d  a g ro u p  of in d iv id u a l 
p a t ie n t s ,  i s  d i s c u s s e d  in  C h a p te r  13. In  th e  p r e s e n t  
d i s c u s s io n  only  s p e c if ic  p o in ts  a r i s i n g  f r o m  th e  d a ta  
in  th e  t r a n s u r e t h r a l  p r o s ta te c to m y  p a t ie n ts  a r e  c o n s id e re d ,  
In  a p p ro a c h in g  th e  p r o b le m  of EACA d o sa g e  and 
a d m in is t r a t io n ,  two c o n s id é ra t io n s  s e e m e d  im p o r ta n t .
( l)  to  a c h ie v e  a u r i n a r y  EACA c o n c e n tr a t io n  su f f ic ­
ie n t ly  h igh  to  p ro d u c e  a  s ig n if ic a n t  in h ib i t io n  of u r o k in a s e  
a c t iv i ty .
(Z) to  s u s ta in  su c h  a  c o n c e n tr a t io n  fo r  su f f ic ie n t ly  
long p e r io d s  of t im e .
O n/
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On th e  b a s i s  of p r e l im in a r y  d a ta  (S h e r ry  e t  a l . ,
1959b), an  8 g m . d o se  w as  in fu se d  in t r a v e n o u s ly  o v e r  
a  12 h o u r  p e r io d .  I t  w as  a n t ic ip a te d  th a t  d u r in g  th e  
in fu s io n ,  su f f ic ie n t ly  l a r g e  am o u n ts  of E A C A  w ould  be 
e x c r e te d  to  in h ib i t  u r o k in a s e  a c t iv i ty ,  and  in  ad d itio n , 
e q u i l ib r a t io n  w ith  th e  e x t r a v a s c u la r  c o m p a r tm e n t  w ould  
o c c u r ,  fo llo w ed  by slow  e l im in a t io n  of th e  body pool 
of EACA in  a  c o n c e n t r a t io n  su f f ic ie n t  to  a c h ie v e  a  
s u s ta in e d  in îü b i to ry  e f fe c t .  T he  r e s u l t s  p r e s e n te d  
show  th a t  th is  o b je c t iv e  w as a c h ie v e d .  M ean  u r i n a r y  
EA CA  c o n c e n tr a t io n  fo r  th e  f i r s t  p o s to p e ra t iv e  day 
w a s  2 .5  -  1 , 5 x 1 0  ^ M o la r  ( tab le  20), w h ich  p ro d u c e d  
c o m p le te  in h ib i t io n  of u ro k in a s e  ac t iv i ty ;  and  on the  
se c o n d  day , w hen  m e a n  u r in a r y  EACA c o n c e n tr a t io n  
w as  6 .0  i  5 .5  X 10 ^ M o la r  ( tab le  20), s ig n i f ic a n t  
in h ib i t io n  of u r o k in a s e  a c t iv i ty  w as  s t i l l  o b s e rv e d .
A s show n in  f ig u re  25, w ith  u r in a r y  EA CA  c o n c e n tr a t io n s  
above 5 x  10 ‘ M o la r ,  and  w h e re  u r o k in a s e  a c t iv i ty
i s  no t c o m p le te ly  in h ib i te d ,  t h e r e  is  a  l i n e a r  r e l a t i o n ­
sh ip  b e tw e e n  th e  d e g re e  of u ro k in a s e  in h ib i t io n  o b s e rv e d ,  
and  th e  lo g a r i th m  of u r i n a r y  EACA c o n c e n t r a t io n .  T he 
s a m e  r e la t io n s h ip  w as  found in  v i t r o  by A lk ja e r s ig  et 
a l .  (1959a) in  e x a m in in g  th e  e f fec t  of EACA on p u r i f i e d  
u r o k in a s e .
T h e  d a ta  d is p la y e d  in  f ig u re s  20 and  21 in d ic a te  th a t  
th e  e f fec t  of EACA a d m in is t r a t io n  w as  to  in h ib i t  th e  
b io c h e m ic a l /
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b io c h e m ic a l  a c t io n  of EACA as  a p la s m in o g e n  a c t iv a to r .  
T h e r e  i s  no ev id e n c e  to s u g g e s t  th a t  u r o k in a s e  e x c re t io n  
r a t e s  w e r e  a l t e r e d  o r  th a t  u ro k in a s e  w as d e s t ro y e d  by 
a d m in is t r a t io n  of EA CA . T he  s im i la r i t y  of th e  
u r o k in a s e  a s s a y  v a lu e s  in  c o n t ro l  s u b je c ts  in  bo th  p r o -  
a n d  p o s to p e ra t iv e  p e r io d s  s u g g e s ts  th a t  the  c o n t r ib u t io n  
of p r o s ta t i c  s e c r e t i o n  to  u ro k in a s e  le v e ls  m u s t  be m in im a l ,  
an  o b s e rv a t io n  in  a c c o r d  w ith  th e  a b se n c e  of s e x  d if fe re n c e  
in  u ro k in a s e  e x c re t io n  n o ted  by B je r r e h u u s  (1952),
E ffe c t  of B lood  on U ro k in a s e  A s s a y s  E x p i r e d  bank  b lood  
and  f r e s h  o x a la te d  b lood  w hen  d ilu ted  1: 49 h a d  no e f fe c t  
on u ro k in a s e  a s s a y  v a lu e s .  M cN ico l e t  a l ,  (1963) 
h av e  d e m o n s t r a te d  th a t  h ig h e r  c o n c e n t r a t io n s  of p l a s m a  
do h o w e v e r  in h ib i t  th e  a c t iv i ty  of p u r i f i e d  u ro k in a s e ;  
a p p ro x im a te ly  50 p e r  cen t in h ib i t io n  w as  s e e n  in  a s y s te m  
w ith  10 pi* p la s m a  p e r  P lo u g  u n it  of u r o k in a s e .  F o r  
e x a m p le ,  if  th e  s a m e  q u a n t i ta t iv e  r e la t io n s h ip  h o ld s  t r u e  
fo r  w hole  u r in e ,  in  a p a t ie n t  w ith  a  24 h o u r  e x c re t io n  of 
5 0 ,0 0 0  u n its  u r o k in a s e ,  50 p e r  cen t u ro k in a s e  in h ib i t io n  
m ig h t  be  p ro d u c e d  by 60 m l .  p la s m a ,  o r  sa y  100 m l ,  
w hole  b lood . (The P lo u g  u n i t  of u r o k in a s e  i s  abou t 8 
t im e s  th e  u n it  u s e d  in  the  p r e s e n t  s tudy ). I t  i s  th e r e f o r e  
p o s s ib le  th a t  in  p a t ie n ts  w ith  h eav y  p o s to p e ra t iv e  b leed in g  
(p e rh a p s  o v e r  10 g m . h a e m o g lo b in  in  th e  f i r s t  24 h o u r s ) ,  
in h ib i t io n  of u r o k in a s e  by p la s m a  m a y  h av e  c o n t r ib u te d  
to the  a s s a y  v a lu e s  obtained*
U r in a ry  P r o te o ly t i c  A c tiv ity  The h e a te d  f ib r in  p la te  
t e s t s /
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t e s t s  and  th e  c a s e in o ly t ic  a s s a y s  d e m o n s t r a te  th a t  the  
u r in e s  t e s t e d  h a d  no s ig n if ic a n t  p ro te o ly t ic  a c t iv i ty  
a g a in s t  c a s e in  a t  pH 7 ,6  o r  f ib r in  a t pH 8. T h e s e  t e s t s  
s u p p o r t  the  c o n c lu s io n  th a t  th e  f ib r in o ly t ic  a c t iv i ty  
found  in  th e  u n h e a te d  f ib r in  p la te  a s s a y s  w as  due to 
th e  p r e s e n c e  of p la sm in o g e n  a c t iv a to r  and w as  no t 
due to  p ro te o ly t ic  a c t iv i ty  in  the  u r in e .
A s d i s c u s s e d  in  C h a p te r  8, EACA a t c o n c e n t r a t io n s
-3above 10 M o la r  p ro d u c e s  s ig n if ic a n t  in h ib i t io n  of 
p e p s in  in  v i t r o ,  and  as  m ig h t  be p r e d ic te d ,  on the  f i r s t  
p o s to p e ra t iv e  day  w hen  m e a n  u r in a r y  EACA c o n c e n tr a t io n
*l* — 2w as  2 ,5  -  1 .5  3C 10 M o la r ,  th e r e  w as  s ig n i f ic a n t  
in h ib i t io n  of u r o p e p s in  activ ity* H o w ev e r ,  a s  the  pH 
of the  u r in e  w ould  n e v e r  be in  the  ran g e  a t  w hich  p ep t ic  
a c t iv i ty  is  m a n i f e s t ,  th e  in h ib i t io n  of u ro p e p s in  is  a  
phen o m en o n  of l i t t l e  p r a c t i c a l  im p o r ta n ce*
E ffe c t  of U r in e  on the  T h ro m b in  C lo tting  T im e  A s 
d i s c u s s e d  in  C h a p te r  3, t h e r e  i s  ev id en ce  to  s u g g e s t  
th a t  a m a jo r  f a c to r  in  the  g e n e s is  of the  co a g u la t io n  
d e fe c t  a s s o c ia te d  w ith  s y s te m ic  f ib r in o ly t ic  a c t iv i ty  is  
d e fe c tiv e  f ib r in  p o ly m e r i s a t io n  due to  the  p r e s e n c e  of 
p ro d u c ts  of f ib r in o g e n  d ig e s t io n .  W hen su ch  f ib r in o g e n  
b reak d o w n  p ro d u c ts  a r e  p r e s e n t ,  the  c lo tt in g  t im e  of 
p l a s m a  in  ad d itio n  of th ro m b in  (the th ro m b in  c lo tt in g  
t im e )  i s  p ro lo n g e d ,  due to th e  a b n o rm a l i ty  in  f i b r i n -  
p o ly m e r  fo rm a t io n ,  and  p ro lo n g a tio n  of the  th r o m b in  
c lo t t in g /
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c lo ttin g  t im e  is  a  s e n s i t iv e  index  of d e fe c tiv e  f ib r in  
p o ly m e r i s a t io n  (A lk ja e rs ig  e t  a l . ,  1962),
T h e  p o s tu la te d  m e c h a n i s m  by w hich  u ro k in a s e  b r in g s  
abou t im p a i r m e n t  of p o s to p e ra t iv e  h a e m o s ta s i s  in  the  
u r in a r y  t r a c t  i s  the  d i r e c t  e ffec t  of u ro k in a s e  in  
p ro m o tin g  c lo t  l y s i s .  To exc lude  the  p o s s ib i l i ty  th a t  
in  the  p o s to p e ra t iv e  p h a s e  th e  p ro d u c ts  of c lo t  l y s i s  p r e s e n t  
in  th e  u r in e  m ig h t  f u r th e r  im p a i r  lo c a l  h a e m o s ta s i s  
th ro u g h  an  e f fe c t  on f ib r in  p o ly m e r  fo rm a t io n ,  the  e f fe c t  
on  th e  th ro m b in  c lo tt in g  t im e  of u r in e  f r o m  th e  EA CA  
t r e a t e d  and  c o n tro l  p a t ie n ts  and f r o m  n o r m a l  s u b je c ts  
w as  e x a m in e d .
T h e  finding  th a t  the  u r in e s  f r o m  th e  n o r m a l  s u b je c ts  
p ro lo n g e d  th e  th ro m b in  c lo tt in g  t im e  of p la s m a  so m ew h a t 
m o r e  th a n  u r in e  f r o m  th e  p r o s ta te c to m y  p a t ie n t s ,  and 
th a t  d ia ly s e d  u r in e s  f r o m  EA CA  t r e a t e d  and c o n tro l  
p a t ie n t s ,  and  f r o m  the  n o r m a l  s u b je c ts ,  d id  not 
le n g th e n  th e  th ro m b in  c lo tting  t im e ,  s u g g e s ts  th a t  the  
e f fe c t  of u r in e  on the  th ro m b in  c lo tting  t im e  i s  due to  
i t s  io n ic  s t r e n g th .  T h e r e  i s  no ev id en ce  of an  e f fe c t  
on  th e  th ro m b in  c lo tt in g  t im e  w hich  m ig h t  be a t t r ib u te d  
to  the  p r e s e n c e  of f ib r in o g e n  b reak d o w n  p r o d u c t s .
A s w ould  be e x p e c te d  f r o m  the  o b s e rv a t io n  (C h a p te r  
T) th a t  EA CA  does no t p ro lo n g  the  th ro m b in  c lo t t in g  t im e  
of n o r m a l  p l a s m a  u n le s s  p r e s e n t  in  a  c o n c e n t r a t io n  
of 0, 5 M o la r  o r  h ig h e r ,  th e  th ro m b in  c lo tt in g  t im e s  
w ith  u r in e s  f r o m  the  EACA t r e a t e d  p a t ie n t s ,  in  w hom  
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th e  h ig h e s t  EA CA  c o n c e n tr a t io n  r e c o r d e d  w as  5 .6  x 
10 M o la r  ( tab le  20), d id  not d if fe r  s ig n if ic a n t ly  
f r o m  th o se  found w ith  u r in e s  f ro m  the c o n t ro l  s u b je c ts .  
P l a s m a  F ib r in o ly t ic  A c tiv ity  A s h a s  b e e n  d i s c u s s e d  
in  C h a p te r  3, the  m a n ife s ta t io n s  of e x c e s s iv e  s y s te m ic  
f ib r in o ly t ic  a c t iv i ty  (h y p e rp la sm in a e m ia )  in c lu d e  
a c c e l e r a t e d  c lo t l y s i s ,  fa l l  in  p la sm in o g e n  and f i b r i n ­
ogen  le v e l s ,  and  p ro lo n g a t io n  of the  th ro m b in  c lo ttin g  
t im e .  T h e se  f a c to r s  w e re  th e r e f o r e  s tu d ie d  in  EACA 
t r e a t e d  and c o n tro l  p a t i e n t s .
T he o c c u r r e n c e  of i n c r e a s e d  f ib r in o ly t ic  a c t iv i ty  and 
a  h a e m o r r h a g ic  s t a te ; in  p a t ie n ts  w ith  p r o s ta t i c  c a r c in o m a ,  
f i r s t  d e s c r ib e d  by T agnon  e t a l .  (1952) h a s  s in c e  b een  
r e c o r d e d  by m a n y  w o r k e r s  inc lud ing  Swan e t  a l .  ,
(1957); C ohen  and  K u p fe r  (1958); L o m b a rd o  (1958);
M i l le r  e t  a l .  (1959), and  A n d e rs  son  (1962). T agnon  
e t  a l .  (1953) found i n c r e a s e d  f ib r in o ly t ic  a c t iv i ty  in  
th e  p la s m a  of 6 of 48 p a t ie n ts  w ith  p ro  s ta t ic  c a rc in o m a ;  
in  all s ix  th e r e  w e re  w id e s p re a d  m é t a s t a s é s .  None 
of the  th r e e  p a t ie n ts  w ith  c a r c in o m a  in  the  p r e s e n t  s e r i e s  
h a d  e v id en ce  of m é t a s t a s é s  o r  in c r e a s e d  %)lasma 
f ib r in o ly t ic  a c tiv i ty ;  in  ea ch ,  eug lobu lin  ly s i s  t im e s ,  
p la s m in o g e n  and f ib r in o g e n  le v e l s ,  and  th ro m b in  
c lo ttin g  t im e s ,  w e re  n o r m a l .
N u m e ro u s  a u th o rs  have  r e p o r te d  th a t  a r i s e  in  p la s m a  
f ib r in o ly t ic  a c t iv i ty  is  co m m o n  d u rin g  and im m e d ia te ly  
a f te r  p r o s ta t e c to m y ,  inc lud ing  S co tt  e t  a l .  (1954); 
L o m b a rd o /
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L o m b a rd o  (1957); L o m b a rd o  (1959); L adeho ff  and  
R a s m u s s e n  (1961); A n d e rs  son  and N i ls s o n  (1961);
A n d e rs  so n  e t  a l ,  (1962); and A n d e rs  so n  (1962),
A n d e rs  so n  e t  a l .  (1962) s tu d ie d  23 p a t ie n ts  d u r in g  
p ro s ta t e c to m y  and  found i n c r e a s e d  le v e ls  of p la s m a  
p la s m in o g e n  a c t iv a to r  in  e v e ry  p a t ie n t .  T he  le v e l s  
of a c t iv i ty  found in  the  p la s m a  d u rin g  p r o s ta t e c to m y  
w e re  c o m p a ra b le  w ith  th o se  found d u rin g  c h o le ­
cys tec tom y*  and  g r e a t e r  th a n  th o se  found d u r in g  
h e r n i a  r e p a i r  o r  u te r in e  c u r e t t a g e .  In  th e  23 p a t ie n ts  
s tu d ie d  d u r in g  p r o s ta t e c to m y  th e r e  w a s  a  m e a n  f a l l  
in  f ib r in o g e n  le v e ls  of 100 m g .  / 100 m l .  ; in  19 o th e r  
p a t ie n t s ,  g iven  5 - 9  g m . EACA in t r a v e n o u s ly  
im m e d ia te ly  b e fo re  o p e ra t io n ,  th e  fa l l  in  f ib r in o g e n  
le v e l s  d u r in g  p r o s ta t e c to m y  w as  only 30 m g , /  100 m l .  
an d  the  i n c r e a s e  in  p la s m a  f ib r in o ly t ic  a c t iv i ty  w as  
m u c h  l e s s  th a n  th a t  o b s e rv e d  in  p a t ie n ts  no t g iv e n  EA CA . 
A n d e rs  son  and  h is  c o l le a g u e s  conc lude  t h e r e f o r e  th a t  
the  fa i l  in  f ib r in o g e n  s e e n  in  th e  p a t ie n ts  no t g iv en  
EA CA  m a y  h av e  b e e n  p a r t ly  due to  p la s m a  f ib r in o ly t ic  
a c t iv i ty .
A n d e rs  so n  (1962) in  a  s tudy  of 37 p a t ie n ts  g iven  
EACA in tr a v e n o u s ly  (0. 1 gm . / kg, body w eigh t)  im m e d ­
ia te ly  b e fo re  p r o s ta t e c to m y ,  r e p o r t s  th a t  in  ’*moat” 
of the  p a t ie n ts  p la s m a  f ib r in o ly t ic  a c t iv i ty  h a d  r e tu r n e d  
to  p r e o p e r a t iv e  le v e ls  w ith in  3 h o u rs  of o p e ra t io n ;  in  
5/
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5 of the  37, p la s m a  f ib r in o ly t ic  a c t iv i ty  w a s  s t i l l  i n c r e a s e d  
24 h o u r s  a f te r  o p e ra t io n .
In  th e  p r e s e n t  s e r i e s ,  no ev id en ce  of i n c r e a s e d  
f ib r in o ly t ic  a c t iv i ty  w as  found in  the  p la s m a  s a m p le s  
ta k e n  off 4 h o u r s  a f te r  o p e ra t io n ,  w hen  eu g lo b u lin  ly s i s  
a c t iv i ty  in  a l l  p a t ie n ts  s tu d ie d  w as n o r m a l .  I t  w ould  
a p p e a r  th a t  the  in c r e a s e d  p la s m a  f ib r in o ly t ic  a c t iv i ty  
w h ich  h a d  p r e s u m a b ly  b ee n  p r e s e n t  d u r in g  p r o s ta t e c to m y  
h a d  p a s s e d  off qu ick ly  a f te r  o p e ra t io n ,  and  a s  th ro m b in  
c lo ttin g  t im e s  w e r e  n o rm a l  in  a l l  the  p a t i e n t s ,  th e r e  
w as  no ev id en ce  of p re v io u s  h y p e r p la s m in a e m ia  w ith  
f ib r in o g e n  d ig e s t io n  and  d e fec t iv e  f ib r in  p o ly m e r i s a t io n .  
T h e  c o n c lu s io n  th a t  f ib r in o ly t ic  a c t iv i ty  d u r in g  and  
im m e d ia te ly  a f te r  s u r g e r y  h a d  no t b ee n  in te n s e  o r  
a s s o c ia t e d  w ith  s ig n if ic a n t  d e s t i 'u c t io n  of p l a s m a  
p r o te in s  i s  r e in f o r c e d  by the  n o rm a l  p la s m in o g e n  and 
f ib r in o g e n  le v e l s  found  in  a l l  the  p a t ie n t s .
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C H A P T E R  n
TRIA L OF EACA IN SU FEA PU B IC  
PR O STA TEC TO M Y  PA T IE N T S
T he e ffec t  of EACA in  red u c in g  p o s to p e ra t iv e  b lood  
lo s s  in  th e  u r in a r y  t r a c t  w as  a lso  s tu d ie d  in  p a t ie n ts  
a f t e r  s u p ra p u b ic  p r o s ta t e c to m y .
C l in ic a l  d a ta  N in e te en  p a t ie n ts  w e re  s tu d ied ; 10, 
s e le c te d  a t  ra n d o m  (draw ing  lo ts )  w e re  t r e a t e d  w ith  
EA CA  and 9 w e re  c o n t ro ls .
A s s e e n  in  ta b le  26, th e  EACA t r e a t e d  g ro u p  and 
the  c o n t ro l  g ro u p  w e re  c o m p a ra b le  as  r e g a r d s  age , 
p r e o p e r a t iv e  h a e m o g lo b in  l e v e l s ,  p r e o p e r a t iv e  b lood  
u r e a  n i t ro g e n  le v e ls  and  b lood  p r e s s u r e s .  S u p r a ­
pubic  p r o s t a t e c to m ie s  w e re  c a r r i e d  out by s ta ff  
u r o lo g is t s  of B a rn e s  and  J e w is h  H o s p i ta l s ,  S t.  L o u is .
T h e  m e a n  w eigh t of t i s s u e  r e m o v e d  ( t is s u e  w e ig h ed
•fby th e  p a th o lo g is t)  w as  57 -  33 g m . in  th e  EA C A  t r e a t e d  
g ro u p  and  69 ™ 39 g m . in  the  co n tro l  g roup ; the  
d if fe re n c e  i s  not s ig n if ic a n t  ( t  = 0. 731 and 0. 5 < p >
0 4 ) .
EA CA  w as u s e d  as  a s t e r i l e  10 p e r  cen t aqueous  so lu t io n  
In  all p a t ie n ts  EACA w as a d m in is t e r e d  in t r a v e n o u s ly  
a t  a  r a t e  of 1 g m , / h o u r  fo r  4 h o u r s ,  th e n  0 .5  g m . / h o u r  
fo r  a  f u r th e r  8 h o u r s  ( to ta l d o se ,  8 g m .) :  the  EA CA  
w a s /
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w as  g iv en  w ith  the  ro u t in e  p o s to p e ra t iv e  in t ra v e n o u s  
infusion* u s u a l ly  1500 m l ,  of 5 p e r  cen t d e x t ro s e  o v e r  
th e  12 h o u r  p e r io d .
H is to lo g ic a l  e x a m in a t io n  H is to lo g ic a l  e x a m in a t io n  of 
th e  t i s s u e  r e m o v e d  (S u rg ica l  patho logy  d e p a r tm e n ts  
of B a rn e s  and  J e w is h  H o sp i ta ls )  show ed b en ig n  
n o d u la r  h y p e r p la s ia  in  e a c h  c a s e .  In  5 of the  EACA 
t r e a t e d  p a t ie n ts  (p a tie n ts  1, 5, 8, 9 and  17) and  4 
c o n t ro ls  (p a t ie n ts  4 , 7, 12 and  15) c h ro n ic  in f la m m a t io n  
w a s  a lso  s e e n .  No ev id en ce  of c a r c in o m a  w a s  found  
in  any s p e c im e n .
B lood  lo s s  a f te r  o p e ra t io n  w as  m e a s u r e d  by c o l le c t io n  
of a ll  d r a in a g e  (p e r  u r e t h r a m  and  su p ra p u b ic )  and  by 
e lu t io n  of d r e s s i n g s .  C o l le c t io n  w as  begun  a s  soon  
a s  th e  p a t ie n t  had  e n t e r e d  the  r e c o v e r y  ro o m . W here  
th e r e  w as  m u c h  p o s to p e ra t iv e  b le ed in g , th e  v o lu m e  of 
w a te r  r e q u i r e d  to  e lu te  the  d r e s s in g s  w as  l a r g e  and 
so m e  lo s s  of a c c u r a c y  in  the  h aem o g lo b in  a s s a y  w as  
in e v i ta b le .  D ra in a g e ,  p e r  u r e t h r a m  and s u p ra p u b ic ,  
w as  added  to the  e lu a te  f ro m  the  d r e s s in g s  and  h a e m o ­
g lob in  e s t im a t io n  w as  c a r r i e d  out a f te r  th o ro u g h  m ix in g , 
by th e  m e th o d  d e s c r ib e d  in  C h a p te r  10.
I n t r  a v a s c u la r  h a e m o ly s i s  as a  c a u se  of h a e m o ­
g lo b in u r ia  w as  e x c lu d ed  by in s p e c t io n  of p o s to p e ra t iv e  
p la s m a  sp e c im e n s :  haem oglob inaem ia- w as  n e v e r  s e e n .  
A n tic o ag u la n t  T he a n t ic o a g u la n t  u s e d  w as  p o ta s s iu m  
o x a la te /
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o x a la te  (10 m l ,  w hole b lood  + 20 m g . p o ta s s iu m  o x a la te ) .  
P l a s m a  jSACA le v e ls  w e re  a s s a y e d  as  d e s c r ib e d  in  
C h a p te r  5.
E u g lo b u lin  ly s i s  t im e s  w e re  e s t im a te d  as  d e s c r ib e d  
in  append ix  4.
R e s u l ts
B lood  lo s s  w as  s tu d ie d  fo r  5 days a f te r  o p e ra t io n .
A s show n in  f ig u re  26 and  ta b le  27, b lood  lo s s  in  the  
EA CA  t r e a t e d  g ro u p  w as m u c h  r e d u c e d  c o m p a re d  w ith  
th e  c o n tro l  g ro u p . As m ig h t  be e x p e c te d ,  the  r e d u c t io n  
in  b lood  lo s s  w as m o s t  m a r k e d  on the  f i r s t  p o s to p e ra t iv e  
day w hen  th e r e  w as a th re e fo ld  re d u c t io n  in  b lood  lo s s  
in  the  EACA t r e a t e d  p a t ie n ts  as  c o m p a re d  w ith  the  
c o n t ro ls  (1 3 .0  and  40. 7 g m . r e s p e c t iv e ly :  t  = 2 .6 6  
and  p < 0 ,0 2 ) .  O v e r  the  whole 5 day p e r io d  of o b s e r ­
v a t io n  b lood  lo s s  in  the  EACA t r e a t e d  p a t ie n ts  w as  l e s s  
th a n  one ha lf  th a t  s e e n  in  th e  c o n tro ls  (24, 7 and  5 7 .4  
g m , r e s p e c t iv e ly :  t = 2, 972 and p < 0 ,0 1 ) .  F o r  the 
f i r s t  p o s to p e ra t iv e  day , m e a n  blood lo s s  p e r  g r a m  of 
t i s s u e  r e s e c t e d  in  th e  EA CA  t r e a t e d  g ro u p  w as  l e s s  
th an  h a lf  th a t  s e e n  in  th e  c o n t ro ls  ( tab le  28),
( r e s p e c t iv e ly  0 .2 8  g m . h ae m o g lo b in  and 0 .6 5  g m , 
h a e m o g lo b in  p e r  g m , of t i s s u e  r e s e c te d :  t  = 2 .9 3 6  
and  p < 0. 01).
F ig u r e  27 show s the  r e la t io n s h ip  b e tw e en  th e  w e ig h t 
of t i s s u e  r e s e c t e d  and  b lood  lo s s  o v e r  th e  5 day p o s t ­
o p e r a t iv e /
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o p e ra t iv e  p e r io d .  In  th e  c o n tro l  g ro u p  th e r e  w as  a 
p o s i t iv e  c o r r e la t io n  b e tw een  b lood  lo se  and w eigh t of 
t i s s u e  r e s e c t e d  ( r  = -k 0 .7 3 7 ,  p < 0 .0 5 ) .  In  the  EA CA  
t r e a t e d  g ro u p  su ch  a c o r r e la t io n  w as  not found e i th e r  
fo r  th e  5 day p e r io d  ( r  = t  0 .4 0 0 ,  p > 0 . 1) o r  f o r  the 
f i r s t  p o s to p e ra t iv e  day ( r  = f  0 ,4 4 8 ,  p > 0 , 1),
U r in a ry  u r o k in a s e  and EACA le v e ls  B e c a u se  of the  
d ilu t io n  in e v i ta b le  w ith  e lu t io n  of d r e s s in g s  i t  w as  no t 
p o s s ib le  to  m e a s u r e  le v e ls  of u ro k in a s e  o r  EA CA  in  
th e  u r in e .
P l a s m a  EA CA  le v e l s  P l a s m a  EA CA  le v e ls  4 and 8 
h o u r s  a f t e r  the  s t a r t  of EA CA  th e ra p y  a r e  show n in  
ta b le  29.
E u g lo b u lin  ly s i s  t im e s  T h e s e  w e re  e s t im a te d  fo r  4 
p a t ie n ts  (p a t ie n ts  1, 7, 10 and 19) the  day b e fo re  o p e ra t io n  
an d  in  a s a m p le  ta k e n  off 4 h o u r s  a f te r  o p e ra t io n .
In  e a c h  c a s e  ac t iv i ty  w as  l e s s  th a n  0 , 1 u n it  (w ith in  
n o r m a l  l im i t s ) .
S id e -e f fe c ts  of EA C A  a d m in is t r a t io n
A s in  th e  t r a n s u r e t h r a l  p ro s ta te c to m y  g ro u p , no 
ev id en ce  of venous th ro m b o s is  w as found fo llow ing  
EA CA  in fu s io n , and th e r e  w e r e  no s ig n if ic a n t  ch an g es  
in  body t e m p e r a tu r e  o r  p u lse  r a te  w hich  cou ld  no t be 
s a t i s f a c to r i ly  e x p la in e d  fo r  o th e r  r e a s o n s ,  e . g .  c h e s t  
in fe c t io n  o r  b le e d in g .
B r ie f  c a s e  r e p o r t s  a r e  g iven  of two p a t ie n ts  who 
p r e s u m a b ly /
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p r e s u m a b ly  h a d  v a s c u la r  o c c lu s io n  fo llow ing  EA CA  
a d m in is t r a t io n ,  though in  bo th  in s ta n c e s  th e  o c c u r r e n c e  
of th is  a c c id e n t  m a y  h av e  b ee n  c o in c id e n ta l .
P a t i e n t  8 w as  a 74 y e a r  o ld  m a n  w ith  a  h i s to r y  of h y p e r ­
te n s io n  and  i s c h a e m ic  h e a r t  d i s e a s e  fo r  IE y e a r s .
In  1950 b lood  p r e s s u r e  w as  180/120 m m . H g , In  1955 
he  h a d  a  m y o c a r d ia l  in f a r c t io n  and b e c a u se  of s e v e r e  
in t r a c ta b le  an g in a  he w as  g iven  a th e r a p e u t ic  d o se  of 
r a d io - a c t iv e  iod ine  in  1956.
P r e o p e r a t i v e ly  ( J a n u a ry ,  I960) t h e r e  w as  c a rd ia c  
e n la r g e m e n t  (apex  b e a t  in  the  a n t e r io r  a x i l l a ry  line ) 
and  d e s p i te  d ig i ta l i s  th e ra p y ,  t h e r e  w as  ev id e n c e  of 
m i ld  co n g e s t iv e  h e a r t  f a i lu r e .  B lood p r e s s u r e  w as  
110 /65  m m .  H g. T h e r e  w as  a m o d e ra te  h y p o c h ro m ic  
a n a e m ia  w h ich  h a d  no t r e sp o n d e d  to o r a l  i r o n  th e ra p y  
(Hb, 9. 5 g m . / 100 m l . ) .  C l in ic a l ly  he w as  h y p o ­
th y ro id ,  w ith  in to le r a n c e  of co ld , s low  th ic k  s p e e c h  and 
cojld d ry  sk in .  T h e  o p e ra t io n  and p o s to p e ra t iv e  c o u r s e  
w e r e  uneven tfu l;  th e  co n g e s t iv e  h e a r t  f a i lu r e  im p ro v e d  
so m e w h a t d u r in g  th e  p o s to p e ra t iv e  p e r io d .  T e n  days  
a f t e r  o p e r a t io n  and  EACA t r e a tm e n t  he w a s  found  dead . 
P e r m i s s i o n  fo r  p o s t - m o r t e m  e x a m in a t io n  w as r e fu s e d ,  
bu t d ea th  w as  p r e s u m e d  to h av e  b ee n  due to  v a s c u la r  
o c c lu s io n ,  c e r e b r a l ,  p u lm o n a ry  o r  c o r o n a r y .
P a t i e n t  13 T h is  p a t ie n t ,  age 64, gave  a  h i s to r y  of 
P a r k in s o n i s m  fo r  17 y e a r s .  A t age 54 he h a d  a  t r a n s ­
ie n t /
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le n t  l e f t  î i e m ip a r e s i s  d ia g n o se d  as  due to c e r e b r a l  
t h r o m b o s i s .  B e c a u s e  of hyper ten s io n *  he h a d  b ee n  
t r e a t e d  w ith  r e s e r p i n e ,  0 .2 5  m g . t . i . d .  fo r  two y e a r s ;  
p r e o p e r a t iv e  b lood  p r e s s u r e  w as  170/ 110 m m .  Hg.
T h e r e  w as  c a rd ia c  e n la r g e m e n t  (apex  b e a t  3 c m . o u t-  
w ith  th e  m id - c l a v ic u la r  line )  and a s l ig h t  P a r k in s o n ia n  
t r e m o r .  C a r d ia c  e n la rg e m e n t  w a s  c o n f i rm e d  on c h e s t  
X - r a y ,  and E . G . G .  show ed  the p a t t e r n  of le f t  
v e n t r i c u la r  h y p e r t ro p h y  and s t r a i n .
O p e ra t io n  w as  u n ev e n tfu l .  EACA w as  g iv en  post™ 
o p e r a t iv e ly  a s  d e s c r ib e d  above . F i f t e e n  h o u r s  a f te r  
o p e ra t io n ,  th a t  i s  3 h o u rs  a f te r  the  end  of the  EACA 
in fu s io n ,  he  w a s  found  to  be c y a n o se d  and  u n r e s p o n s iv e .  
T h e  r ig h t  a r m  and  le g  w e r e  sh ak in g , but w e r e  w i th ­
d ra w n  in  r e s p o n s e  to pain fu l s t im u l i .  T he  le f t  a r m  and  
le g  w e re  f la c c id ,  and th e r e  w as  no r e s p o n s e  to pa in fu l 
s t im u l i  on th e  left* H ea d  and ey es  show ed  co n ju g a te  
d e v ia t io n  to  the  r ig h t .  T h e  fo llow ing  day th e  p a t ie n t  
h a d  r e c o v e r e d  c o n s c io u s n e s s  and  th e r e  w as  w ealcneas 
an d  s l ig h t  s p a s t ic i ty  of the  l e f t  a r m  and  le g .  T he 
ten d o n  r e f le x e s  on th e  le f t  s id e  w e re  b r i s k  and  the  
l e f t  p la n ta r  r e s p o n s e  w as  e x te n s o r .  P o w e r  g ra d u a l ly  
r e tu r n e d  to  the  l e f t  s id e  and w as fu lly  r e s t o r e d  a  w eek  
a f te r  o p e ra t io n ,  w hen  th e  le f t  p la n ta r  r e s p o n s e  w a s  f le x o r .  
D is c u s s io n
In  th is  g ro u p  of p a t ie n ts  s tu d ie d  a f te r  s u p ra p u b ic  
p r o s ta t e c to m y /
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px*ostatectom y, the  a d m in is t r a t io n  of EACA h a s  r e s u l t e d  
in  a  s ig n if ic a n t  re d u c t io n  in  p o s to p e ra t iv e  b lood  l o s s .
T h a t  th e  e f fec t  of EACA is  l e s s  s t r ik in g  th a n  in  the  t r a n s ­
u r e t h r a l  p ro s ta t e c to m y  s e r i e s  i s  not s u r p r i s in g  s in c e  
in  the s u p ra p u b ic  p r o s ta te c to m y  p r o c e d u r e ,  m o r e  
e x te n s iv e  t r a u m a  is  in f l ic te d ,  d i r e c t  v i s u a l i s a t io n  of 
b leed in g  p o in ts  m a y  be d if f icu lt  and  r e l i a n c e  i s  p la c e d  
on c a p s u la r  r e t r a c t i o n  and pack ing  to e n s u re  h a e m o ­
s t a s i s  (L ow sley  e t  a l .  1956; G o o d p a s tu re  and B e a r d ,
1949). F u r t h e r ,  th e  w e ig h t of p ro  s ta t ic  t i s s u e  r e m o v e d  
w as  m u c h  l a r g e r  in  the  s u p ra p u b ic  p r o s ta t e c to m y  c a s e s  
(m ea n , 63 g m .)  th a n  in  th e  t r a n s u r e t h r a l  p r o c e d u r e  
(m ean , 15 g m . ) .
P l a s m a  EACA le v e l s  and th e  two p a t ie n ts  w ith  p r e ­
s u m e d  v a s c u l a r  o c c lu s io n  a r e  d i s c u s s e d  in  C h a p te r  13.
T h e  s ig n if ic a n c e  of the  r e s u l t s  i s  d i s c u s s e d ,  to g e th e r  
w ith  the  f ind ings  in  the  t r a n s u r e t h r a l  p r o s ta t e c to m y  s e r i e s ,  
an d  the  in d iv id u a l p a t ie n ts  w ith  p ro lo n g e d  h a e m a tu r i a ,  
in  C h a p te r  13.
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C H A P T E R  12
T H E  USE O F EA CA  IN INDIVIDUAL P A T IE N T S  
W ITH HAEM ATURIA
In  v iew  of th e  re d u c t io n  in  p o s to p e ra t iv e  b lood  lo s s  
s e e n  in  th e  p a t ie n ts  g iven  EACA a f te r  bo th  t r a n s ­
u r e t h r a l  r e s e c t i o n  and s u p ra p u b ic  p ro s ta t e c to m y ,  EACA 
w a s  g iv en  to  a  g ro u p  of f ive  p a t ie n t s ,  w hose  c a s e  r e p o r t s  
fo llow , in  w hom  p r o t r a c t e d  h a e m a t u r i a  w as  a  c a u se  fo r  
c o n c e rn .
P a t i e n t s  1 4 w e re  u n d e r  th e  c a r e  of s ta f f  u r o lo g is t s
of B a r n e s ,  J e w is h  o r  S t. L u k e 's  H o s p i ta l s ,  S t .  L o u is .  
P a t i e n t  5 w as  u n d e r  the  c a r e  of th e  W a rd  M e d ic a l  S e r ­
v ic e s  in  B a rn e s  H o sp i ta l .
U r in a r y  h a e m o g lo b in  a s s a y s  w e re  c a r r i e d  out a s  d e s c r ib e d  
in  C h a p te r  10.
A nti CO agul an t T he  an t ico a g u la n t  u s e d  w as  p o ta s s iu m  
o x a la te  ( lO m l. w hole b lood  f  20 m g , p o ta s s iu m  o x a la te ) .  
P a t i e n t  1 B leed ing  d u rin g  s u p ra p u b ic  p r o s ta t e c to m y  
in  an  80 y e a r  o ld  m a n  (well d i f f e re n t ia te d  a d e n o c a rc in o m a  
of th e  p r o s ta t e )  w as  t ro u b le s o m e  and p e r s i s t e d  u n t i l  
EACA t r e a tm e n t  w as  g iven  27 days  l a t e r .  C o a g u la t io n  
and  f ib r in o ly t ic  s tu d ie s  b e fo re  EACA th e ra p y  show ed  
no e v id e n c e  of h a e m o s ta t ic  d e fe c t  o r  a b n o rm a l  s y s te m ic  
f ib r in o ly t ic  a c t iv i ty  ( tab le  30).
In /
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In  th e  p e r io d  b e tw e en  o p e ra t io n  and EACA th e ra p y  
t r a n s f u s io n  r e q u i r e m e n ts  to  m a in ta in  the  h ae m o g lo b in  
le v e l  w e re  30 p in ts .
In  the  24 h o u r s  b e fo re  EACA th e ra p y  b lood  lo s e  in  
th e  u r in e  w as e s t im a te d  a t 55, 7 g m . E ig h t  g m .
EACA w as in fu se d  in t r a v e n o u s ly  o v e r  12 h o u r s ,  th e n  
10 g m . o v e r  the n ex t 12 h o u r s .  Two g m . EACA 
w a s  a lso  ru n  in to  th e  b la d d e r  w ith  a c a th e t e r .  In  
th e  24 h o u rs  d u r in g  and  fo llow ing EACA in fu s io n , 
b l o o d l e s s  w as  e s t im a te d  at 0 .3  g m , h a e m o g lo b in .  
S ev en  days  l a t e r  b le ed in g  r e c u r r e d  bu t w as  a g a in  
p ro m p tly  c o n t ro l le d  w ith  EA CA , 12 g m . o v e r  20 
h o u r s ,  r e d u c in g  d a i ly  h ae m o g lo b in  lo s s  in  th e  u r in e  
f r o m  1 7 .5  to 1 .6  g m . T he r e s p o n s e  to EACA 
a d m in is t r a t io n  i s  d is p la y e d  g ra p h ic a l ly  in  f ig u re  28; 
and  f ig u re  29 show s a  s a m p le  of u r in e  ta k e n  f r o m  the  
24 h o u r  c o l le c t io n  im m e d ia te ly  b e fo re  EACA w as  g iven  
and  s a m p le s  f r o m  c o l le c t io n s  2 and 24 h o u r s  a f te r  
c o m m e n c e m e n t  of EACA th e ra p y .
P a t i e n t  2 w as  a 71 y e a r  o ld  m a n  w ith  s e v e r e  and  p r o ­
lo n g e d  b le ed in g  a f te r  s u p ra p u b ic  p r o s ta t e c to m y  (benign  
n o d u la r  h y p e r p la s ia ) .  D uring  the  f i r s t  31 days a f te r  
o p e ra t io n  30 p in ts  of b lood  w e re  r e q u i r e d  to m a in ta in  
h is  h a e m o g lo b in  le v e l .  C y s to sc o p y  on th r e e  o c c a s io n s  
show ed  g e n e r a l i s e d  ooaing  in  the  p r o s t a t i c  f o s s a  bu t no 
d e f in ite  b leed in g  p o in ts  w e re  se e n .  On h is  t r a n s f e r  to 
B a rn e s  H o s p i ta l ,  r a t e  of b lood  lo s s  th ro u g h  su p ra p u b ic  
c y s to s to m y /
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c y s to s to m y  w as  e s t im a te d  at 103 g m . h a e m o g lo b in /
24 h o u r s .  P l a t e l e t  count on a d m is s io n  w a s  6 2 ,0 0 0 /
3 »m m  , and H e s s '  t e s t  w a s  p o s i t iv e .  A s show n in  ta b le
30, o th e r  c o a g u la t io n  and  f ib r in o ly t ic  a s s a y s  w e re
n o r m a l .  F o llo w in g  an  in tra v e n o u s  in fu s io n  of EA CA
(12 g m . o v e r  l6  h o u rs )  b lo o d  lo s s  w as  r e d u c e d  to  2 .9
g m . h a e m o g lo b in /24 h o u r s ,  a re d u c t io n  of 93 p e r  c e n t .
A t th is  t im e  (f ig u re  30), b e c a u s e  r e c t a l  e x a m in a t io n  
r e v e a le d  a  l a r g e  m a s s  in  th e  a r e a  of the  p r o s t a t e ,  the 
b la d d e r  w a s  in s p e c te d  th ro u g h  a  s u p ra p u b ic  in c is io n .
No b leed in g  p o in ts  w e r e  s e e n  and  the  m a s s  w as  found  
to be a  l a r g e  o rg a n is in g  h a e m a to m a ,  w hich  w a s  
e v a c u a te d ,  S u b seq u e n t to  th is  r e - e x p lo r a t io n ,  th e r e  
w as  b r i s k  b leed in g ; EA CA  th e ra p y  w as  co n tin u ed  and 
th e  b leed in g  w a s  m u c h  re d u c e d  in  24 h o u rs  (41 g m . 
h a e m o g lo b in /24 h o u r s  fa l l in g  to  16 g m . h a e m o g lo b in /
24 h o u r s )  and  s t i l l  f u r th e r  re d u c e d  (3, 5 g m . / 24 h o u rs )  
a t  48 h o u r s ,  EACA th e ra p y  w as  co n tinued  fo r  6 d ay s  
a f te r  s u r g e r y  and  w as  th e n  w ith d raw n . Two d ay s  l a t e r  
t h e r e  w a s  a  m a r k e d  i n c r e a s e  in  b le ed in g  w h ich  w as  
a g a in  p ro m p tly  c o n t ro l le d  w ith  EACA th e ra p y .  A s 
ca n  be s e e n  in  f ig u re  30, a  f u r th e r  r e c u r r e n c e  of b le e d ­
ing  on  the  19th day of o b s e rv a t io n  w as a g a in  c o n t ro l le d  
by EA C A  th e r a p y .  On th e  24th day of o b s e rv a t io n  
re d u c t io n  in  EA CA  d o sa g e  f r o m  3 to 2 g m . I  day 
r e s u l t e d  in  an  i n c r e a s e  in  u r in a r y  b lood  lo s s ;  th is  
w a s /
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w a s  c o n t ro l le d  w hen  d o sa g e  w as  in c r e a s e d  to  3 g m . / 
day , an d  b le ed in g  c e a s e d  on the  28th  day of o b s e rv a t io n .
T h e  î>latelet count in  th is  p a t ie n t  on a d m is s io n  w as
3 36 2 ,0 0 0 /m m  and th e n  g ra d u a l ly  fe l l  to  1 0 ,0 0 0 /m m  ,
a t  w h ich  t im e  s t e r o i d  th e ra p y  w as  in s t i tu te d  ( f ig u re  
30). A p a r t  f r o m  th ro m b o c y to p e n ia  and m o d e ra te  
h y p o c h ro m ic  a n a e m ia ,  the  p e r ip h e r a l  b lood  p ic tu r e  
w a s  o th e rw is e  n o r m a l .  R e p e a te d  bone m a r r o w  b iopsy  
show ed  " n u m e ro u s  im m a tu r e  m e g a k a r y o c y te s  w ith  
f a i lu r e  of 'budding*; the  bone m a r r o w  show ed  m a r k e d  
e r y th r o p o ie t i c  a c t iv i ty  bu t w as  o th e rw is e  n o r m a l " .
No f in a l  h a e m a to lo g ic a l  d ia g n o s is  w as  a r r i v e d  a t .
W ith  p re d n is o n e  th e ra p y  the  p la te le t  coun t r o s e  s low ly . 
P a t i e n t  3 , an  87 y e a r  o ld  m a n  w ith  i s c h a e m ic  h e a r t  
d i s e a s e  and  co n g e s t iv e  c a rd ia c  f a i lu r e ,  h ad  a  t r a n s ­
u r e t h r a l  p r o s ta t e c to m y  fo r  ben ig n  p r o s t a t i c  h y p e r t ro p h y  
(22 g m . t i s s u e ) .  T h e r e  w as  so m e  p r e o p e r a t iv e  h a e m a ­
t u r i a  and b le ed in g  d u r in g  and a f te r  o p e ra t io n  w as  t ro u b le  
s o m e .  C y to sco p y  on the  se co n d  day a f t e r  o p e r a t io n  
d id  no t r e v e a l  any d e f in ite  b leed in g  p o in ts  bu t t h e r e  w as  
g e n e r a l i s e d  oozing  of b lood  f r o m  the  ra w  s u r f a c e s  of 
th e  p r o s t a t i c  b ed . C o a g u la t io n  and f ib r in o ly t ic  s tu d ie s  
a t  th is  t im e  w e r e  w ith in  n o r m a l  l im i t s  ( tab le  30). On 
th e  fo u r th  p o s to p e ra t iv e  day , a s  b lood  lo s s  w as  g iving 
c a u s e  fo r  c o n c e rn ,  (4 .5  g m . h a e m o g lo b in /24 h o u rs )  
E A C A  th e ra p y  w as  in s t i tu te d  (20 gm , in t r a v e n o u s ly  
o v e r /
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o v e r  24 h o u r s )  w ith  a lm o s t  im m e d ia te  r e d u c t io n  in  
b leed in g  (f ig u re  31). W hen EACA th e ra p y  w as  d i s ­
co n tin u ed , b leed in g  r e c u r r e d ;  c y s to sc o p y  a t  th is  t im e  
once  m o r e  show ed  g e n e ra l  oozing  of b lood  f r o m  the  
p r o s t a t i c  f o s s a ,  bu t no d e f in ite  b leed in g  p o in ts  w e re  
s e e n .  EACA w as  a g a in  g iv en  (22 g m . in t r a v e n o u s ly  
in  24 h o u r s ,  re d u c in g  to 6 g m . / 24 h o u rs )  w ith  a lm o s t  
im m e d ia te  c o n t ro l  of b leed in g  (w ith in  m in u te s ) .  
R e c u r r e n c e  of h a e m a t u r i a  two days  l a t e r  w a s  c o n t ro l le d  
by in c r e a s in g  the d o se  of EACA to 15 g m . ovei* 24 h o u r s .  
O n th e  18th day of o b s e rv a t io n ,  b e c a u s e  of d if f icu lty  
in  vo id ing  and  a  l a r g e  r e s id u a l  u r in e  v o lu m e , m o r e  
p r o s t a t i c  t i s s u e  (10 gm*) w a s  r e m o v e d  by t r a n s u r e t h r a l  
r e s e c t i o n  u n d e r  c o v e r  of EA CA . B leed in g  fo llow ing  
th is  o p e ra t io n  (1*95 g m . h a e m o g lo b in  in  24 h o u r s  a f t e r  
o p e ra t io n )  w as  m u c h  l e s s  th a n  th e  m e a n  b lood  lo s s  in  
th e  c o n t ro l  p a t ie n ts  s tu d ie d  a f te r  t r a n s u r e t h r a l  
p ro s ta t e c to m y  (5 .3  - 4 . 9  g m . h a e m o g lo b in  in  th e  f i r s t  
24 h o u r s  (C h a p te r  10). B leed ing  th e r e a f t e r  w a s  m in im a l  
and  EACA th e ra p y  w a s  d isc o n tin u e d  6 days  a f t e r  th e  
s e co n d  o p e ra t io n .  H is to lo g ic a l  e x a m in a t io n  of the  
t i s s u e  r e m o v e d  in  the  se c o n d  o p e ra t io n  show ed  
e x te n s iv e  n e c r o s i s .
D u rin g  th e  p o s to p e ra t iv e  p e r io d  the  p a t i e n t 's  c a r d i o ­
r e s p i r a t o r y  s ta tu s  o ften  gave c a u se  f o r  c o n c e rn  and 
36 h o u r s  a f te r  EACA th e ra p y  h a d  b e e n  d is c o n t in u e d ,  
h e /
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h e  d ied . A t au to p sy  th e r e  w as  n e c ro t ic  h a e m o r r h a g ic  
t i s s u e  in  the  p r o s t a t i c  f o s s a .  No ev id en ce  of a r t e r i a l  
o r  v en o u s  o c c lu s io n  w as found. T he c o ro n a ry  a r t e r i e s  
w e re  jm ten t.  T h e r e  w as  c a rd ia c  h y p e r t ro p h y ,  acu te  
c a r d i a c  d i la ta t io n ,  p y e lo n e p h r i t i s ,  and  t e r m i n a l  h y p o ­
s ta t i c  p n eu m o n ia .
P a t i e n t  4 A 57 y e a r  o ld  m a n  p r e s e n te d  w ith  a  s to r y  of 
h a e m a t u r i a  f o r  abou t 6 w e e k s .  In t ra v e n o u s  and  r e t r o ­
g ra d e  p y e lo g ra m s  show ed  a p p e a r a n c e s  s u g g e s t iv e  of 
r e n a l  c a r c in o m a  on the  r ig h t  s id e ,  and  a t  c y s to sc o p y  
th e  b leed in g  w as  f r o m  th e  r ig h t  u r e t e r .  T h e r e  w as  
no e v id en c e  of a  co a g u la t io n  d e fec t  o r  of i n c r e a s e d  
s y s te m ic  f ib r in o ly t ic  a c t iv i ty  ( tab le  30). T h e  e f fe c t  
of in fu s io n  of 8 g m , EA CA  o v e r  24 h o u r s  i s  show n in  
f ig u re  32, w h e re  i t  w ill  be s e e n  th a t  in  a s s o c ia t io n  
w ith  in h ib i t io n  of u r o k in a s e  a c t iv i ty  ( a s s a y e d  as  
d e s c r ib e d  in  C h a p te r  10) w as  a  m a r k e d  r e d u c t io n  in  
h a e m a t u r i a .  A s EACA w as  e x c r e te d  and u r i n a r y  
EA CA  le v e ls  f e l l ,  ( a s s a y e d  as  d e s c r ib e d  in  C h a p te r  
5), in h ib i t io n  of u ro k in a s e  p a s s e d  off and  u r i n a r y  b lood  
lo s s  r e tu r n e d  to the  le v e l  s e e n  b e fo re  EA CA  w as g iven . 
S u b seq u e n tly  the  r ig h t  k idney  w as  r e m o v e d  and  a 
t r a n s i t io n a l  c e l l  c a r c in o m a  w as found* w ith  an  u l c e r a t e d  
s u r f a c e  in  th e  r e n a l  p e lv is .
P a t i e n t  5 A 22 y e a r  o ld  m a n  su f fe r in g  f r o m  s e v e r e  
h a e m o p h i l ia  ( a n t ih a e m o p h i l ic -g lo b u l in  le v e l  l e s s  th a n  
1/
-1 0 7 -
1 p e r  ce n t of n o rm a l)  w as  a d m it te d  w ith  a  h i s t o r y  of 
h a e m a tu r i a  fo r  7 d a y s .  H a e m a tu r ia  p e r s i s t e d  d e s p i te  
f r e s h  p la s m a  in fu s io n s  ( l  l i t r e / d a y  fo r  4 days) and  as  
a  b r i s k  f e b r i l e  r e a c t io n  fo llow ed  e ach  p la s m a  in fus ion , 
i t  w as  thought d e s i r a b le  to t r y  the e ffec t  of EACA*
W hen 20 g m , EACA h a d  b e e n  g iv en  o r a l ly  o v e r  30 h o u r s ,  
h a e m a t u r i a  sudden ly  c e a s e d  co m p le te ly  and  t h e r e  w as  
a  s im u l ta n e o u s  o n se t  of r ig h t  r e n a l  c o l ic .  A n i n t r a ­
v en o u s  p y e lo g ra m  a t  th is  t im e  show ed  a  " n e p h ro g ra m "  
e f fec t  on th e  r ig h t ,  bu t no dye w as  s e e n  in  th e  r ig h t  
r e n a l  p e lv is  o r  u r e t e r ;  the  le f t  s id e  w as  n o r m a l .
F o r  the  n ex t 9 days  t h e r e  w as  in te r m i t t e n t  r e n a l  co lic  
and  o c c a s io n a l ly  th e r e  w e re  s t r in g y  b la c k  c lo ts  in  the  
u r in e ,  w h ich  w as  o th e rw is e  c l e a r ,  w ith  no in d ic a t io n  
of f r e s h  b le e d in g .  An in t ra v e n o u s  p y e lo g ra m  4 days  
a f t e r  the  o n s e t  of r e n a l  co l ic  ag a in  show ed  a  " n e p h ro ­
g r a m "  e ffec t  on  the  r ig h t  w ith  no ev id en ce  of dye 
e x c re t io n ,  and  in t r a v e n o u s  p y e lo g ra m s  6 d ay s  and  2 
m o n th s  l a t e r  show ed  no r e n a l  fu n c tio n  on th e  r ig h t  s id e .  
In  v iew  of the p a t i e n t 's  s e v e r e  co a g u la t io n  d e fe c t  i t  w as  
no t thought d e s i r a b le  to  p e r f o r m  r e t r o g r a d e  u r e t e r i c  
c a th e te  r  i s  a t io n ,
D is c u s s io n
In ea c h  of th e s e  p a t ie n ts  a d m in is t r a t io n  of EACA 
w a s  so  c lo s e ly  r e l a t e d  in  t im e  to  m a rk e d  r e d u c t io n  
in  u r in a r y  b lood  lo s s  th a t  i t  w ould  s e e m  u n lik e ly  th a t  
th i s /
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th is  a s s o c ia t io n  w as  due to  ch a n c e .  In d eed  in  p a t ie n ts  
1, 2 and 3, EA CA  th e ra p y  w as a s s o c ia t e d  w ith  c o n tro l  
of b leed in g  on 2, 3 and  3 o c c a s io n s  r e s p e c t iv e ly .  In 
p a t ie n t  2 , i t  m a y  be th a t  b e c a u s e  of th ro m b o c y to p e n ia ,  
th e  p a t ie n t  w as  fo rm in g  m e c h a n ic a l ly  p o o r  c lo ts  w h ich  
w e r e  m o r e  th a n  u s u a l ly  s u s c e p t ib le  to  l y s i s ,  bu t w e re  
ad e q u a te  in  h a e m o s ta s i s  w hen  u r o k in a s e  w as  in h ib i te d  
by EA C A , In  p a t ie n t  3, u n d e r  c o v e r  of EA C A , t r a n s ­
u r e t h r a l  r e s e c t i o n  w as c a r r i e d  out w ith  on ly  40 p e r  
ce n t  of the m e a n  p o s to p e ra t iv e  b lood  lo s s  s e e n  in  a  
g ro u p  of c o n t ro l  su b je c ts  a f t e r  th is  o p e ra t io n  ( tab le  19).
In  c a s e  5, a f t e r  a d m in is t r a t io n  of EA CA , p e rh a p s  
b lood  c lo t ,  f o r m e d  in  the r e n a l  p e lv is  o r  u r e t e r  by the  
a c t io n  of u r in e  th r o m b o p la s t in  h a d  a  h igh  l e v e l  of EACA, 
and  so  w as r e s i s t a n t  to l y s i s  by u r o k in a s e .  C lo t m ay  
th e n  h av e  p e r s i s t e d  in  th e  u p p e r  u r in a r y  t r a c t  w ith  
o b s t r u c t io n  and  co n se q u e n t lo s s  of r e n a l  fu n c tio n . 
S te ig e r  e t  a l .  (1962) have  g iven  EACA to 3 h a e m o p h i l ia c  
p a t ie n t s  w ith  h a e m a t u r i a  w hich  h a d  no t r e s p o n d e d  to 
p la s m a  in fu s io n ,  and  in  e a c h  c a s e  h a e m a tu r i a  c l e a r e d  
p ro m p t ly  w ith  EA C A , and  w ithout sy m p to m s  of u r in a r y  
t r a c t  o b s t ru c t io n ;  N i ls s o n  (1963) r e p o r t s  one s im i l a r  
c a s e .
T he g e n e ra l  s ig n if ic a n c e  of the  r e s u l t s ,  to g e th e r  
w ith  th o se  f r o m  the p a t ie n ts  g iven  EACA a f t e r  t r a n s ­
u r e t h r a l  and  su p ra p u b ic  p r o s t a t e c to m ie s ,  i s  d i s c u s s e d  
in  C h a p te r  13.
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CHAPTER 13
DISCUSSION: TH E USE O F EACA TO CONTROL 
FIB R IN O L Y T IC  ACTIVITY IN TH E URINARY T R A C T
T h e  p r e s e n c e  in  n o r m a l  u r in e  of l a r g e  q u a n t i t ie s  
of a  p la s m in o g e n  a c t iv a to r ,  u r o k in a s e ,  h a s  p o s e d  
p r o b le m s  c o n c e rn in g  i t s  s o u rc e  and  p o s s ib le  p h y s io ­
lo g ic a l  r o le .  A s d i s c u s s e d  in  C h a p te r  9, two v iew s 
h av e  b e e n  e x p r e s s e d .
(1) U ro k in a s e  r e p r e s e n t s  an  e x c r e to r y  p ro d u c t  
w h ich  r e f l e c t s  th e  d y n am ic  s ta te  of th e  f ib r in o ly t ic  e n ­
zy m e  s y s te m  in  v iv o .
(2) U ro k in a s e  is  a  s e c r e t o r y  p ro d u c t  of the  r e n a l  
e p i th e l iu m  c o n c e rn e d  p r im a r i l y  w ith  m a in ta in in g  th e  
p a te n c y  of th e  u r in a r y  t r a c t ,  in  v i r tu e  of i t s  a b i l i ty  
to  m e d ia te  the  l y s i s  of f ib r in  d e p o s i t s .
R e g a r d le s s  of th e s e  d if fe r in g  v ie w s ,  the p r e s e n c e  
of u ro k in a s e  in  u r in e  m a k e s  a v a i la b le  an  e n z y m a t ic  
m e c h a n i s m  f o r  the  l y s i s  of f ib r in  d e p o s i ts  and  b lood  
c lo ts  in  the  u r in a r y  t r a c t .  I t  is  now r e c o g n is e d  th a t  
u n d e r  b io lo g ic a l  co n d itio n s  s ig n if ic a n t  am o u n ts  of 
p la s m in o g e n  a r e  in c o rp o r a te d  in to  c lo ts  an d  f ib r in  
d e p o s i ts  d u r in g  th e i r  fo rm a t io n ;  th e  th r o m b i  th u s  
f o rm e d  a r e  endow ed  w ith  an  in t r in s i c  en zy m e s y s te m  
w h ich , upon a c t iv a t io n ,  r e s u l t s  in  the ly s i s  of f ib r in  
(C h a p te r  3). U n d er  th e s e  c i r c u m s ta n c e s ,  on ly  the  
p r e s e n c e /
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p r e s e n c e  of a p la sm in o g e n  a c t iv a to r  in  the  su r ro u n d in g  
f lu id  is  r e q u i r e d  to m e d ia te  c lo t ly s i s ;  in d e e d  the  
ev id en ce  s u g g e s ts  th a t  a c t iv a t io n  of th is  in t r i n s i c  
en z y m e  s y s te m  of c lo ts  r e p r e s e n t s  th e  m a jo r  
m e c h a n is m  f o r  c lo t  ly s i s  u n d e r  p h y s io lo g ic a l  c i r c u m ­
s ta n c e s .  i t  fo llow s th a t  th e  ab il i ty  of u r in a r y  
u r o k in a s e  to  p ro m o te  th e  l y s i s  of f r e s h  h a e m o s ta t i c  f ib r in  
d e p o s i ts  cou ld  be a s ig n if ic a n t  f a c to r  in  m a in ta in in g  
co n tin u ed  b leed in g  in  the  p r e s e n c e  of o p e ra t iv e  t r a u m a .  
T he p r e s e n t  s tudy  w as  u n d e r ta k e n  to d e te r m in e  w h e th e r ,  
by in h ib i t in g  u ro k in a s e  a c t iv i ty  w ith  EA CA , p o s t ­
o p e r a t iv e  h a e m o s ta s i s  m ig h t  be im p ro v e d .
T he  p r o b le m  w as s tu d ie d  in  p a t ie n ts  who h a d  u n d e r ­
gone t r a n s u r e t h r a l  and  su p ra p u b ic  p r o s ta t e c to m y .
In  bo th  g ro u p s  the  d a ta  in d ic a te  th a t  a d m in is t r a t io n  
of EACA w as a s s o c ia te d  w ith  a  re d u c t io n  in  u r in a r y  
h a e m o g lo b in  l o s s .  The ev id en ce  s u g g e s ts  th a t  EACA 
p ro d u c e d  th is  e f fec t  by in h ib i t io n  of u ro k in a s e  a c t iv i ty  
in  th e  u r in a r y  t r a c t ,  and  c o n v e rs e ly ,  the d a ta  a lso  
p ro v id e  ev id en ce  to su p p o r t  the  concep t th a t  u ro k in a s e ,  
by p ro m o tin g  the  l y s i s  of f ib r in o u s  d e p o s i t s ,  m a y  p lay  
a n  im p o r ta n t  p h y s io lo g ic a l  ro le  in  m a in ta in in g  the  p a ten cy  
of the  u r i n a r y  t r a c t .
As p la s m a  le v e ls  of EACA 4 h o u r s  a f te r  o p e ra t io n  
(11. 6 - 3 , 5  m g , / 100 m l ,  fo r  th e  t r a n s u r e t h r a l  and 
s u p ra p u b ic  p a t ie n ts  com bined) w e r e  a t  a  le v e l  su f f ic ie n t  
to p ro d u ce  s ig n if ic a n t  in h ib i t io n  of p la s m in o g e n  a c t iv a to r  
a c t iv i ty /
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a c t iv i ty  in  th e  p la s m a ,  th e  p o s s ib i l i ty  h a s  n o t b e e n  
e x c lu d e d  th a t  p a r t  of the  e f fe c t  of EACA w a s  m e d ia te d  
th ro u g h  a  s y s t e m ic  e f fec t  on th e  p la s m in o g e n - p la s m in  
s y s t e m .  H o w e v e r ,  a s  in  the  t r a n s u r e t h r a l  p r o s ta t e c to m y  
s e r i e s  t h e r e  w as  no e v id en ce  of s ig n if ic a n t  s y s t e m ic  
f ib r in o ly t ic  a c t iv i ty  a f te r  o p e ra t io n  (C h a p te r  10), i t  
does  no t s e e m  p ro b a b le  th a t  th e  b e n e f ic ia l  e f fe c t  of 
EACA a d m in i s t r a t io n  w as due to  s u p p r e s s io n  of s y s te m ic  
f ib r in o ly t ic  a c t iv i ty ;  and  c o n s id e r a b le  e v id e n c e  h a s  b e e n  
ad d u c ed  to  s u p p o r t  th e  h y p o th e s is  th a t  EA CA  a c te d  lo c a l ly  
in  th e  u r in a r y  t r a c t .
T he  o b s e rv a t io n s  c i te d  a ls o  e s ta b l i s h  the  e f f e c t iv e ­
n e s s  of EACA as  an  ad ju n c t to  co n v en tio n a l m e a s u r e s  
in  the  m a n a g e m e n t  of p o s to p e ra t iv e  h a e m a t u r i a .  T h is  
c o n c lu s io n  i s  s u p p o r te d  n o t only by th e  r e s u l t s  o b ta in ed  
in  th e  c o n t ro l le d  t r i a l s  bu t by the  o b s e rv a t io n s  of the  
b e n e f ic ia l  e f fe c ts  of EACA in  th e  in d iv id u a l p a t ie n ts  
w ith  s e v e r e  an d  p ro lo n g e d  p o s to p e ra t iv e  h a e m a t u r i a .
T he  e f f e c t iv e n e s s  of EA CA  in  c o n tro l l in g  p o s t - p r o s ta t e c t o m y  
h a e m a t u r i a  h a s  b ee n  su b se q u e n tly  c o n f i rm e d  by o th e r  
w o r k e r s  (Sack e t  a l ,  , 1962; A n d e r s  s on, 1962), I t  
sh o u ld  be e m p h a s i s e d  th a t  EACA th e ra p y  i s  only  one 
a s p e c t  of th e  to ta l  m a n a g e m e n t  of th e s e  p a t ie n ts  and  does 
no t r e p la c e  any of th e  b a s ic  p r in c ip le s  w h ich  h av e  b e e n  
e s ta b l i s h e d  f o r  th e  c a r e  of su ch  p a t i e n t s .
A t th e  p r e s e n t  s ta g e  of in v e s t ig a t io n  of E A C A , c e r t a i n  
cons i de r a t io n s  /
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c o n s id e ra t io n s  m u s t  be b o rn e  in  m in d . T he in h ib i t io n  
of f ib r in o ly t ic  a c t iv i ty  m ay  be e x p e c te d  to r e s u l t  in  
m o r e  e x te n s iv e  d ep o s i t io n  of f ib r in ;  though th is  is  
th e  d e s i r e d  e f fe c t  in  the  m a n a g e m e n t  of p o s to p e ra t iv e  
h a e m a tu r i a ,  on  o c c a s io n  i t  cou ld  r e s u l t  in  th e  
a c c u m u la t io n  of u n d e s i ra b ly  l a r g e  c lo ts ,  In  th e  
p a t ie n t  w ith  h a e m o p h i l ia  and spo n tan eo u s  h a e m a tu r i a ,  
r e p o r t e d  in  C h a p te r  12, th e  a d m in is t r a t io n  of EACA 
p ro b a b ly  r e s u l t e d  in  a  l a r g e  c lo t  in  the  r e n a l  p e lv is ,  
w h ich  co n ta in ing  EA CA , w as  r e s i s t a n t  to  l y s i s .  
O bv iously  a  m o r e  e x te n s iv e  in v e s t ig a t io n a l  e x p e r ie n c e  
w ith  EACA w ill  be r e q u i r e d  b e fo re  i t s  fu ll  th e r a p e u t ic  
p o te n t ia l  and c o n t ra in d ic a t io n s  can  be e s ta b l i s h e d .  
P e r h a p s  i t  m ay  u l t im a te ly  p ro v e  m o r e  u se fu l  f o r  c o n tro l  
of b leed ing  in  th e  b la d d e r  and lo w e r  u r in a r y  t r a c t  th a n  
in  the  u p p e r  u r in a r y  t r a c t .
O th e r  p o te n t ia l  h a z a r d s  r e m a in  to be e v a lu a te d .
T he  two p a t ie n ts  (d e s c r ib e d  in  C h a p te r  11) w ith  
p r e s u m e d  v a s c u la r  o c c lu s io n s  (the d ia g n o s is  w as  no t 
e s ta b l i s h e d )  bo th  h a d  a  b ac k g ro u n d  of v a s c u l a r  d i s e a s e  
and  th e  r e la t io n s h ip  w ith  EACA th e ra p y  w as  p o s s ib ly  
f o r tu i t o u s , N e v e r th e le s s ,  l a r g e  s c a le  o b s e rv a t io n s  
a s  to  th e  in c id e n c e  of v a s c u la r  th r o m b o s is  in  p a t ie n ts  
t r e a t e d  w ith  EACA a r e  n e c e s s a r y .
F u r t h e r  in v e s t ig a t io n  of th e  u s e  of EACA in  th e  
c o n t ro l  of u r in a r y  t r a c t  b leed in g  a p p e a r s  in d ic a te d ,  
p a r t i c u l a r ly /
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p a r t i c u l a r ly  w h e re  p o s to p e ra t iv e  h a e m a t u r i a ,  no t due 
to te c h n ic a l  s u r g ic a l  d e f ic ie n c ie s ,  is  ca u s in g  c l in ic a l  
c o n c e rn .  The b en e f i t  to the  p a t ie n t  of c o n t ro l  of b lood  
lo s s  m a y  f a r  ou tw eigh  the  th e o re t i c a l  h a z a r d s  of EACA 
th e ra p y ,  and  if  u s e d  in  a p p r o p r ia te  c i r c u m s ta n c e s ,
EACA w ould  a p p e a r  to h av e  m u ch  p r o m is e  in  th e  
m a n a g e m e n t  of p o s to p e ra t iv e  h a e m o r rh a g e  in  th e  u r in a r y  
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C H A P T E R  14- 
SUMMARY AND CONCLUSIONS
In  r e c e n t  y e a r s  i t  h a s  b eco m e  a p p a re n t  th a t  d i s o r d e r e d  
f ib r in o ly t ic  a c t iv i ty  can  in  so m e  c i r c u m s ta n c e s  g ive 
r i s e  to  d e fec t iv e  h a e m o s ta s i s ,  and t r e a t m e n t  of 
f ib r in o ly t ic  s t a t e s  h a s  b e c o m e  p o s s ib le  w ith  the  d is c o v e ry  
th a t  the  sy n th e tic  am ino  a c id  e p s i lo n  a m in o c a p ro ic  
ac id  (EACA) is  a  po ten t in h ib i to r  of f ib r in o ly t ic  a c t iv i ty .
In  v iew  of the  im p o r ta n t  p o te n tia l  u s e s  of EACA in  
th e  t r e a tm e n t  of h u m a n  d i s e a s e ,  an  a s s a y  s y s t e m  fo r  
EACA in  p la s m a  and o th e r  b io lo g ica l  f lu id s  w as  
d ev e lo p ed , and u s in g  th is  a s s a y  s y s t e m  th e  a b s o rp t io n ,  
d is t r ib u t io n  and  e x c re t io n  of EACA w e re  s tu d ied ,  th u s  
m ak in g  p o s s ib le  a  r a t io n a l  a p p ro a c h  to ch o ice  of d o sag e  
sch ed u le  and  ro u te  of a d m in is t r a t io n .  T he th e s i s  a lso  
e x p lo re s  in  so m e  d e ta i l  one ap p l ic a t io n  of EA CA , i t s  
u s e  to c o n tro l  f ib r in o ly t ic  ac tiv i ty  in  th e  u r in a r y  t r a c t .
T h e  a s s a y  s y s t e m  fo r  EACA in  p la s m a  w a s  a  c h r o m a to ­
g ra p h ic  tech n iq u e  u s in g  io n  exchange  r e s i n  lo a d e d  p a p e r .  
T h e  a d v a n tag e s  of th is  s y s te m  in c lu d e  e a s e  of s a m p le  
p r e p a r a t io n  (only p r e c ip i ta t io n  w ith  t r i c h l o r a c e t i c  a c id  
i s  needed); u s e  of aqueous so lv e n ts ;  sp e e d  ( c h r o m a to ­
g r a m s  w e re  d ev e lo p ed  w ith in  2 h o u rs ) ;  and  a p p l ic a t io n  
of s a m p le s  a s  s t r e a k s  p e rm i t t in g  l a r g e  s a m p le  s iz e ,  
th e /
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the  u s e  of two b u f fe rs  in  a u n id ir e c t io n a l  s y s t e m ,  and 
q u a n t i ta t io n  by s t r ip - s c a n n in g  d e n s i to m e t ry .  The 
s y s t e m  can  be m o d if ie d  fo r  a s s a y  of o th e r  b a s ic  am ino  
a c id s  e . g .  h is t id in e .  T he r e s u l t s  o b ta in ed  in  the  EACA 
a s s a y  a r e  c o m p a ra b le  w ith  th o se  o b ta in ed  by a  p re v io u s ly  
d e s c r ib e d  h ig h  v o ltag e  e l e c t r o p h o r e s i s  te c h n iq u e ,  and  
th e  co e ff ic ie n t  of v a r ia t io n  in  the EACA a s s a y  i s  a c c e p t ­
ab le  (8 .9 8  p e r  cen t) ,
T he a s s a y  s y s t e m  w as ap p lied  to the  s tudy  of the  
a b s o rp t io n ,  d i s t r ib u t io n  and e x c re t io n  of EA C A . In  
m a n ,  EA CA  w as  a b s o rb e d  ra p id ly  f ro m  the  g a s t r o ­
in te s t in a l  t r a c t ,  p e a k  p la s m a  le v e ls  a f te r  a  s in g le  o r a l  
d o se  being  found a t 2 h o u r s .  A p p ro x im a te ly  82 p e r  
cen t of a  s in g le  o r a l  o r  in tr a v e n o u s  dose  w as  r e c o v e r e d  
a p p a re n t ly  u n ch an g ed  in  the  u r in e  in  a  72 h o u r  p e r io d ,
su g g e s t in g  th a t  only  a  s m a l l  p o r t io n ,  i f  any , of the
-3EA C A  w as  m e ta b o l i s e d .  P l a s m a  le v e ls  of 10 M o la r  
(13 m g . / 100 m l . ) ,  a  c o n c e n tra t io n  r e q u i r e d  in  v i t ro  
f o r  e f fe c t iv e  c o n tro l  of f ib r in o ly t ic  a c t iv a t io n ,  w e re  
a c h ie v e d  and  s u s ta in e d  by o r a l  a d m in is t r a t io n  of a  
p r im in g  dose  of 4 -  6 g m . , fo llow ed  by 1 g m , of EACA 
p e r  h o u r .  A t su c h  p o te n tia l ly  th e ra p e u t ic  p la s m a  le v e l s ,  
th e  r e n a l  c le a r a n c e  of EA CA  w as a p p ro x im a te ly  75 p e r  
ce n t of endogenous c r e a t in in e  c l e a r a n c e ,  and  l e v e l s  of 
EA CA  in  the  u r in e  w e re  about sev en ty  t im e s  th o se  found 
in  p la s m a .  A f te r  p ro lo n g e d  a d m in is t r a t io n ,  w ith d ra w a l  
of EACA w as fo llow ed  by a m o r e  p ro lo n g e d  p e r io d  of 
u r i n a r y /
-1 1 7 -
u r in a r y  e x c re t io n ,  p r e s u m a b ly  b e c a u s e  of d is t r ib u t io n ;
th ro u g h  the  e x t r a v a s c u l a r  c o m p a r tm e n ts  w hen  p la s m a
le v e ls  w e re  h ig h . E v id en ce  w as o b ta in e d  th a t  in  vivo
EACA re a d i ly  e n t e r s  h u m an  r e d  b lood  c e l l s  and n u m e ro u s
o rg a n  t i s s u e s  in  the  ra b b i t ;  i t  a lso  e n te r e d  the c e l ls
of th e  in ta c t  r a t  d ia p h ra g m  p r e p a r a t io n  in  v i t r o .  EACA
did  n o t a p p e a r  to  be p r o te in  bound in  th e  p la s m a .
To f u r th e r  define  th e  p o te n tia l  b io c h e m ic a l  e f fe c ts
of EA CA , i t s  e f fe c ts  on th ro m b o p la s t in  g e n e ra t io n
and  the  th ro m b in - f ib r in o g e n  r e a c t io n  w e re  s tu d ie d .
-1Up to a c o n c e n tr a t io n  of 10 M o la r ,  EACA h a d  no e ffec t
on  th r o m b o p la s t in  g e n e ra t io n  in  the  th ro m b o p la s t in
g e n e ra t io n  t e s t .  An e f fec t ,  p r e s u m a b ly  due to  in c r e a s e d
io n ic  s t r e n g th ,  and  s im i l a r  to  th a t  p ro d u c e d  by urea*"' ...
and  so d iu m  c h lo r id e ,  w as found  on th e  th r o m b in - f ih rm o g e n
r e a c t io n  w hen  EA CA  c o n c e n tra t io n s  w e re  above 0. 5
M o la r ,  a  c o n c e n tr a t io n  n e v e r  l ik e ly  to  be a c h ie v e d  in
th e  p la s m a .  EACA w as found to  in h ib i t  p e p s in ,  bu t
-3the  c o n c e n tr a t io n  n e e d e d  (above 5 x 10 M o la r  fo r  
50 p e r  ce n t  inh ib ition )  is  a lso  u n lik e ly  to  be a c h ie v e d  
in  p la s m a  in  v iv o .
T h e  th e s i s  th en  goes  on to  g ive an ac co u h t of one 
p o te n t ia l  a p p l ic a t io n  of EACA in  h u m a n  th e r a p e u t i c s ,  
i t s  u s e  a f te r  p r o s ta t e c to m y  to inh ib it  lo c a l  f ib r in o ly t ic  
a c t iv i ty  in  th e  u r in a r y  t r a c t .  U ro k in a s e ,  an  a c t iv a to r  
of th e  f ib r in o ly t ic  en zy m e s y s te m ,  is  n o rm a l ly  p r e s e n t  
in /
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in  u r in e  and  c o n fe r s  upon i t  the  ab il i ty  to ly s e  f ib r in  
c lo ts .  I t  h a s  b e e n  su g g e s te d  th a t  u ro k in a s e  m a y  p lay  
a  ro le  in  m a in ta in in g  the  p a ten cy  of th e  u r in a r y  t r a c t  
by p ro m o tin g  the ly s i s  of f ib r in o u s  d e p o s i t .  S ince  
su ch  an ac tio n  m ig h t  a lso  s e r v e  to  im p a i r  h a e m o s ta s i s  
in  th e  u r in a r y  t r a c t ,  an  in v e s t ig a t io n  w as  u n d e r ta k e n  
of the  e f fe c t  on the  d u ra t io n  and  e x ten t  of b le ed in g  
o b s e r v e d  a f te r  p ro s ta te c to m y  of in h ib i t in g  u r o k in a s e  
a c t iv i ty  by EA CA  a d m in is t r a t io n .
T w e n ty -e ig h t  p a t ie n ts  w e re  s tu d ie d  a f te r  t r a n s u r e t h r a l  
p ro s ta te c to m y ;  15, s e le c te d  at ra n d o m , w e r e  c o n t ro l s ,  
and  13 w e re  g iven  8 g m , EACA in t r a v e n o u s ly  o v e r  the 
f i r s t  12 p o s to p e ra t iv e  h o u r s , T he EA CA  t r e a t e d  and  
c o n tro l  g ro u p s  w e r e  c o m p a ra b le  as  r e g a r d s  a g e ,  p r e ­
o p e r a t iv e  h ae m o g lo b in ,  b lood  u r e a  n i t ro g e n  and  b lood  
p r e s s u r e  l e v e l s ,  and  w eigh t of t i s s u e  r e s e c t e d .  In  
the  EA CA  t r e a t e d  g ro u p , as  EACA w as e x c r e te d  in  
the  u r in e ,  u r o k in a s e  a c t iv i ty  w as co m p le te ly  in h ib i te d  
f o r  24 h o u r s ,  and  s u b s ta n t ia l ly  in h ib i te d  f o r  a  f u r th e r  
24 h o u r s ;  in  so m e  p a t ie n ts ,  th e re  w as a  d e g re e  of
in h ib i t io n  up  to  72 h o u r s .  U r in a ry  EACA le v e ls  w e r e
-2a s s a y e d  and w e re  a m e a n  of 2. 5 x 10 M o la r  on the
f i r s t  day , 6 .0  x 10 M o la r  on the  s e c o n d  day and 8 .4
—4 , ,X 10 M o la r  on th e  t h i r d  day . W h ere  u r o k in a s e
a c t iv i ty  w as  no t c o m p le te ly  in h ib i te d ,  t h e r e  w as  a  l i n e a r  
r e la t io n s h ip  b e tw e e n  th e  d e g re e  of u ro k in a s e  in h ib i t io n  
and/
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and  the  lo g a r i th m  of th e  EACA c o n c e n tra t io n .  A f te r  
d ia ly s i s  of th e  u r in e  s a m p le s  to r e m o v e  EA CA , 
u r o k in a s e  a c t iv i ty  in  EACA t r e a t e d  and c o n t ro l  p a t ie n ts  
w a s  s im i la r ;  i t  i s  t h e r e f o r e  co n c lu d ed  th a t  th e  ac tio n  
of EACA w as to  r e v e r s ib ly  in h ib i t  u r o k in a s e ,  bu t no t 
to  d e s t ro y  i t  o r  a l t e r  i t s  r a te  of p ro d u c t io n .
A s s o c ia te d  w ith  in h ib i t io n  of u ro k in a s e  ac t iv i ty ,  
p o s to p e ra t iv e  b lood  lo s s  o v e r  a  5 day p e r io d  of o b s e rv a t io n  
w as  r e d u c e d  fo u r - fo ld  in  the  EACA t r e a t e d  p a t ie n ts  
as  c o m p a re d  w ith  the  c o n t ro ls .  D u ra t io n  of b leed in g  
w as  a lso  s ig n if ic a n t ly  r e d u c e d .
U r in e  f r o m  all p a t ie n ts  in  both  EACA t r e a t e d  and 
c o n tro l  g ro u p s  w as e x a m in e d  fo r  %3roteolytlc a c t iv i ty  
a t  pH ?. 6 and  pH 8; none w as found. In  u r in e s  f r o m  
both g ro u p s  of p a t ie n ts  u ro p e p s in  a c t iv i ty  (p ro te o ly t ic  
a c t iv i ty  at pH 2) w as  found, and th is  w as s ig n if ic a n t ly  
l e s s  in  the  EA CA  t r e a t e d  p a t ie n ts  th a n  in  th e  c o n t ro ls .  
H o w e v e r ,  as  the  pH at w hich  u r o p e p s in  a c t iv i ty  is  
m a n i fe s t  is  be low  th e  le v e l  e v e r  found in  u r in e ,  the 
in h ib i t io n  of u r o p e p s in  a c t iv i ty  o b s e rv e d  in  EA CA  t r e a t e d  
s u b je c ts  i s  of th e o r e t i c a l  i n t e r e s t  only . U r in e s  f r o m  
bo th  EACA t r e a t e d  and c o n tro l  g ro u p s ,  w hen  ad d ed  to 
n o r m a l  p la s m a ,  p ro lo n g e d  the  th r o m b in -c lo t t in g  t im e  
to  a  so m e w h a t l e s s e r  ex ten t th a n  d id  u r in e s  f r o m  n o rm a l  
s u b je c ts ;  in  a l l  g ro u p s ,  a b i l i ty  to  p ro lo n g  the  th ro m b in  
c lo tt in g  t im e  w as  lo s t  if  the  u r in e s  w e re  d ia ly s e d  b e fo re  
a s s a y /
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a s s a y ,  and i t  i s  co n c lu d ed  th a t  the ab il i ty  of u r in e  to  
p ro lo n g  th e  th ro m b in  c lo ttin g  t im e  of p l a s m a  i s  
p ro b ab ly  due to  i t s  io n ic  s t r e n g th .
In  both  EACA t r e a t e d  and  c o n tro l  g ro u p s ,  a s s a y s  w e re  
c a r r i e d  ou t f o r  ev id en ce  of s ig n if ic a n t  s y s t e m ic  f i b r i n ­
o ly t ic  a c t iv i ty ;  no su ch  ev id en ce  w as found. P l a s m a  
EA CA  le v e ls  4 and 8 h o u r s  a f te r  o p e ra t io n  w e r e  a s sa y e d :  
th e  le v e ls  found (m ean  v a lu e s  of 11 .3  Î  3 ,0  m g .  / 100 
m l ,  a t  4 h o u r s  and  6 . 2 -  1 .8  m g . I  100 m l .  a t  8 h o u rs )  
w e re  ad eq u a te  to  p ro d u c e  s ig n if ic a n t  in h ib i t io n  of s y s ­
te m ic  f ib r in o ly t ic  a c t iv i ty ,  but a s  no ev id e n c e  of su ch  
a c t iv i ty  w as  a p p a re n t  i t  i s  no t thought l ik e ly  th a t  EACA 
e x e r c i s e d  i t s  b e n e f ic ia l  e f fe c t  by in h ib i t io n  of s y s te m ic  
f ib r in o ly t ic  a c t iv i ty .
A c o n t ro l le d  t r i a l  of the  e ffec t  of EA CA  in  re d u c in g  
b lood  lo s s  a f te r  su p ra p u b ic  p ro s ta te c to m y  w as a lso  
c a r r i e d  out. N in e te en  p a t ie n ts  w e re  s tud ied ; 10, 
s e le c te d  a t r a n d o m , w e re  g iven  8 g m . EACA by i n t r a ­
v enous  in fu s io n  o v e r  th e  f i r s t  12 h o u rs  a f te r  o p e ra t io n ,  
and  9 w e re  c o n t ro ls ,  The EACA t r e a t e d  p a t ie n ts  and 
th e  c o n t ro ls  w e r e  c o m p a ra b le  as  r e g a r d s  age , p r e -  
o p e r a t iv e  h ae m o g lo b in ,  b lood  u r e a  n i t ro g e n  and b lood  
p r e s s u r e  l e v e l s ,  and  w eigh t of t i s s u e  r e m o v e d .  P o s t ­
o p e ra t iv e  b lood  lo s s  w as  fo llow ed  fo r  5 d a y s ,  and  o v e r  
th is  p e r io d  w as  r e d u c e d  by one ha lf  in  th e  EA C A  t r e a t e d  
g ro u p  a s  c o m p a re d  w ith  the  c o n t ro ls ,  P l a s m a  EA CA  
l e v e l s /
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l e v e l s  w e r e  e s t im a te d  at 4 and 8 h o u r s  a f te r  o p e ra t io n  
and  w e re  12 ,1  -  2 .7  m g .  / 100 m l .  and 6 . 6 -  1 . 4  m g , I  
100 m l .  r e s p e c t iv e ly :  th e s e  le v e ls  a r e  ad eq u a te  to 
p ro d u c e  s ig n if ic a n t  in h ib it io n  of s y s te m ic  f ib r in o ly t ic  
a c t iv i ty .  Two p a t ie n ts  g iv en  EACA a f te r  s u p ra p u b ic  
p r o s ta te c to m y  h a d  p r e s u m e d  v a s c u la r  o c c lu s io n ;  one, 
an  ep iso d e  of h e m ip le g ia  3 h o u rs  a f te r  the end  of EA CA  
in fu s io n ; th e  o th e r  d ied  sudden tly  10 days a f te r  EACA 
t r e a tm e n t .  T h e s e  p r e s u m e d  v a s c u la r  a c c id e n ts  m ay  
h ave  b e e n  c o in c id e n ta l ,  o r  m a y  h av e  b e e n  due to  in h ib i t ­
io n  of s y s te m ic  f ib r in o ly t ic  a c tiv i ty  w ith  co n se q u e n t 
a c c u m u la t io n  of th ro m b u s  in  b lood  v e s s e l s ,
EACA w as  a lso  g iv en , w ith  a lm o s t  im m e d ia te  c o n tro l  
of b le ed in g ,  to  3 p a t ie n ts  in  w hom  p o s t - p r o s ta t e c to m y  
h a e m a t u r i a  w a s  s e v e r e  and  p r o t r a c te d ;  h a e m a t u r i a  
w a s  a lso  c o n t ro l le d  w ith  EACA in  a p a t ie n t  w ith  r e n a l  
c a rc in o m a ,  A p a t ie n t  w ith  s e v e r e  h a e m o p h i l ia  and 
sp o n ta n eo u s  h a e m a tu r i a  w as  g iven  EACA; b leed in g  
c e a s e d ,  bu t a t  the  sa m e  t im e  th e  p a t ie n t  h a d  r e n a l  
c o l ic ,  and  p e rm a n e n t  lo s s  of r e n a l  fu n c tio n  on one s id e .  
I t  m a y  be th a t  a f te r  EACA a d m in is t r a t io n  a  l a r g e  c lo t,  
w h ich  w as r e s i s t a n t  to l y s i s ,  b e c a u s e  of i t s  EACA 
co n ten t,  g a th e r e d  in  th e  r e n a l  p e lv is  and o b s t r u c t e d  
u r in e  flow .
I t  is  co n c lu d ed  th a t  EACA, by in h ib itin g  lo c a l  f i b r i n ­
o ly tic  a c t iv i ty  in  the  u r in a r y  t r a c t ,  i s  of v a lu e  in  the  
c o n t ro l /
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c o n tro l  of p o s to p e ra t iv e  h a e m a tu r i a  no t due to  te c h n ic a l  
s u r g ic a l  d e f ic ie n c ie s .
D e m o n s t ra t io n  of the  v a lu e  of EACA w as  a r e la t iv e ly  
s t r a ig h t f o r w a r d  p ro b le m ;  i t  w as p o s s ib le  to  c a r r y  out 
a  c o n t ro l le d  t r i a l ,  and  th e  h a e m o s ta t ic  d e fe c t  i s  u n ­
c o m p lic a te d  f ib r in o ly s i s .  C onvincing  p ro o f  of the  
b e n e f i t  of EACA in  the  t r e a tm e n t  of s y s te m ic  f ib r in o ly t ic  
s t a t e s ,  in  w hich  the  n a tu r a l  h i s to r y  is  v a r ia b le  and  only 
p a r t ly  e lu c id a te d ,  and th e  h a e m o s ta t ic  d e fe c t  i s  co m p lex , 
w ill  be m o r e  d if f icu lt  to  o b ta in  and  w ill  p ro b a b ly  d epend  
on th e  ev id en ce  of w ell  s tu d ie d  in d iv id u a l p a t ie n ts  r a t h e r  
th a n  on c o n t ro l le d  t r i a l s .  Though such  in d iv id u a l c a s e  
r e p o r t s  a r e  a l r e a d y  a c cu m u la t in g  (C h ap te r  4), i n v e s t i ­
g a t io n  of the  p a th o g e n e s is  and t r e a tm e n t  of s y s te m ic  
f ib r in o ly t ic  s t a t e s  r e p r e s e n t s  an  im p o r ta n t  f ie ld  fo r  
f u r th e r  s tu d y .
T h e  ro le  of EACA in  h u m a n  th e r a p e u t ic s  h a s  n o t y e t  
b e e n  fu lly  d ef ined , but the p r e s e n t  w o rk  m aizes p o s s ib le  
s e le c t io n  of e f fec t iv e  d o sa g e  l e v e l s ,  and  e s ta b l i s h e s  
i t s  u s e fu ln e s s  in  p ro m o tin g  p o s to p e ra t iv e  h a e m o s ta s i s  
in  th e  u r in a r y  t r a c t .
B e c a u s e  of p o te n t ia l  to x ic i ty  (p e rh a p s  v a s c u la r  t h r o m ­
b o s is  and  te r a to g e n ic i ty  a r e  th e  m o s t  im p o r ta n t  
th e o r e t i c a l  h a s a r d s ) ,  c a u tio n  m u s t  in  th e  m e a n t im e  be 
e x e r c i s e d  in  i t s  u s e  ex c e p t  in  s i tu a t io n s  w h e re  f ib r in o ly t ic  
a c t iv i ty  c a u s e s  a  m a jo r  c l in ic a l  p ro b le m .
- 123"
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G eo rg e  P .  M cN ico l,
M . B. , Ch. B* , U n iv e r s i ty  of G lasgow , 
M .R .C .P *  (G lasgow  and E d in b u rg h ) ,
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(PROTEOLYTIC E N Z M E )
SOLUBLE
POLYPEPTIDES
Figux'e 1 show s the  c o n v e rs io n  of p la sm in o g e n  to  p la s m in  
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F ig u r e  5 sh o w s  the  s t r e a k in g  w h en  p la s m a  w a s  c h r o m a to  
g r a p h e d  on  io n  e x c h a n g e  r e s i n  lo a d e d  p a p er  w ith  a c e ta te  
b u ffer  of lo w  io n ic  s tr e n g th  ( 0 .0 5  M o la r ) .
In t h e s e  Sys te m s  
the  following all 
hav e  Rf V a lu e s  
o ve r  80 .
A l a n i n e
A s p a r a g i n e
A s p a r t i c  Acid
C y s t e i n e
C y s t in e
G l u t a m i c  Acid
G l u t a m i n e
G ly c in e
I s o l e u c i n e
L e u c i n e
M e t h i o n i n e
N o r l e u c i n e
Norvo I ine
P r o l i n e
S e r i n e
T h r e o n i n e




H i s t i d in e
Lysine
O r n i t h i n e
CACA
Tyrosine
Phenyl a lan ine
A rg in in e
H i s t i d  ine
L y s i n e
O r n i t h i n e
6ACA
T y r o s i n e
P heny l  a l a n i n e
A r g i n i n e
H i s t i d i n e
L y s in e
O r n i t h i n e
GACA
Tyro s ine
Phenyl  a l a n i n e
Solvent  Front,
A c e t a t e  buffer^ 0 . 2  M
Origin
F i g u r e  6 show s the  m o b i l i t ie s  of am ino  ac id s  on R e e v e  Angel, 
g ra d e  SA2, ion  exchange  r e s i n  lo a d e d  p a p e r  in  a c e ta te  b u ffe r  
(0 .2  M o la r ,  pH 5 .2 ) ,  u p p e r  s e c t io n ,  and  so d iu m  a c e ta te  
(0 .2  M o la r ,  pH 7 . 0 ) ,  m id d le  se c t io n .  In  the  b o tto m  se c t io n ,  
m o b i l i t ie s  a r e  i l l u s t r a t e d  when in i t ia l  d ev e lo p m e n t i s  w ith  
a c e ta te  b u ffe r  fo llow ed  by so d iu m  a c e ta te  fo r  th e  r e m a in d e r  
of the  ru n .
Solvent front











F ig u r e  7 -  P l a s m a  a m in o  a c id  c h r o m a to g r a m  d e v e lo p e d  
and s ta in e d  a s  d e s c r ib e d  in  C h a p ter  5. N o te  s e p a r a t io n  
of £ A C A  f r o m  o th e r  a m in o  a c id s .
S o lv e n t  f ront
Neutral  and Acidic 
Amino A c id s
Tyrosine  
Phenyl a lan ine
R abb it  Liver Homogenate  
18 Hours a f te r  I V. Inject­
ion of 5  gm 6ÀCA
6 A C A
Lysine  
—  Ornithine  
Histidine
— A r g in in e  
■< Origin
F ig u r e  8 -  C h r o m a to g r a m  of l i v e r  h o m o g e n a te  f r o m  
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<—  Histidine  
4 — Arginine
Origin
F ig u r e  11 A p p l ic a t io n  of io n  e x c h a n g e  r e s i n  lo a d e d  p ap er  
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DAYS O F  OBSERVATION
F ig u r e  32 E f fe c t  of E A C A  a d m in is t r a t io n  on u r in a r y  u r o k in a s e  
a c t iv i ty  and h a e m o g lo b in  l o s s  in  a p a t ien t  w ith  r e n a l  c a r c in o m a  
(C h apter  12, p a t ie n t  4 ) .  U r in a r y  E A C A  c o n c e n tr a t io n s  a r e  a l s o  
sh o w n . T he  f ig u r e  i s  p r e p a r e d  f r o m  ta b le s  87 and 8 8 .
APPENDIX 2
MAIN TA BLES
fe'bXe I# Elasîm MAQA aseia^r: 95 oont ooiifidonoo llmllîs,
O om enttetion 95 por cent oonfidonoe lim its  of
of I3âCA in  the tm o  concentration from the
plasma,, mg#/lOO ohaervetl values shown in  tab le  31 •
25 -  2.70
10 10 i  2 ,52
1 -  1.11
Shown, a t  various le v e ls , are the 95 por cent confidence 
lim its  of the tru e  concentration from the obaervations 
shown in  tab le  31 (calcu lated  by 3)r# E*A* Eohh)*
(fable 2m Assay o f MOA in  w l m ;  oomparlson o f  h ig h  v o ltag e  
o lootrophoroslB  and to n  mcohango ro a ln  loaded  paper 
chromatography*
P a tie n t
#W )or
P ay  o f  
o b se rv a tio n
M0A oonoentratioai (rûg*/îiïl*) 
B leo trophoraaio  O hrom tography
6

































































0 dmpari0On. o f  th e  u r ln m y  MAOA co n c en tra tio n  ob ta ined  W ing  th e  
e le o tro p h o re tic  method of B joerdem  and Bam on (appendix 4)» and 
th e  method, evolved i n  th e  p re se n t s tudy  * u s in g  io n  exohange r e s in  
loaded paper ohromatograplQr# # e  ohromatogcaphy assay  v a lu es  a re  
tak en  from ta b le  67*
f a b le  Si HàOA le v e ls  1 and 8 hours a f t e r
a  s in g le  o r a l  # # 0 »
8ub^eot Boss o f  HaoBia SAQA o o n o en tra tlo n  
mWber BA0A ( # u )  (m g#/l80 ml»). .
1 hour 2' hours.
 ^iirijk .Ww;:# 'i#i Wii^ yiiKMiwriiTiii i^ i-ini wf^ WKfif- >r*iiii*Tini-|irtirir*r~~rt^ tr'T*^ t*-rtr*‘‘tTirTiri|iTiiniiiii|i*^-Tir‘^ -<^"-'irrririi^ iiii--iimrtwiiritfrT<\iiii^ lM^W‘Tffir^f'‘t*1'iirï'ifi''T*''fr'i'
1 a 11*7
g 2 6,8 9+2
3 2 5.2 10*7
4 a 7.5 10*1
5 2 5.0 6*5
6 2 5.1 10.1
r 2 4.8 11*4
8 2 2.8 6.6
9 a ; 7.2 7*8
10 4 *• 12*3
11 4 , M. 17*1
12 5 14.8 22*2
15 6 mt 81.2
14 10 24*3 35.9
Plasms lAGA le v e ls  1 àiul 2 hours a f t e r  a  s in g le  o ra l 
dose* For su b je o ts  1-9 > who were g iven  2 gm*, th e  
mean le v e l  a t  1 horn? was 5*3 t  1*7 mg*/lOO ml#, and 
9*3 * 2*0 mg#/lGO # *  a t  2 hours* S u b jec ts  1*^ 3 
and 10*14 were lieetlthy a d u lts  ; su b je c t 4 a  
duodenal u l c e r ,  su b je c t g d issem inated  lupus 
erythGiBatosus,  su b je c t 6 th y ro to x io o s is ,  s u b je c t 7 
m it ra l  s te n o s is ,  su b je c t 8 bm an x ie ty  s t a t e  and 
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0  .- m ^  *r
m m e  5.
oæéatimiaè*
c l e œ w o  ^a tea  o f BAQA anâ
Bub^eet GXoà3?anco üsrfne 
P e r l # Sojii
Plasma MAQA Oroatiîiine 
S œ p îe  cXoaranco olearm ioe 
% # e r  ( B ü é / ^ a u )  )
WPÜ1RV#*1 'Ml ^ KiXh-ïfKi'.-Grü ;a
4,  5 105
womNeemiw?>wiiAi»Miis4iic:A»rî»eT,.-si»îWJsw«i8e«ie«à4*ï*wito»*»<mîiwtiwiMie^ iïs.4âfcï=«y^ ^
e 1 2 2», 3 96 152
2 4 5 112 124
3 5 6 116 ' 126
3 1 4 2, 3 01 123
2 5 3, 4 86 127
3 6 4 >5 9.6 96 132
Bho?m f o r  tlire a  ambjeotB ( f ig u ra  13) a re  r e n a l  o learanoo r a te s  
f o r  EAOà and orea>tinlno, aiiâ th e  u r in e  and p la e m  eamploa from 
tïhiôh tho olemranoe f i g a r e s c a l o u l a t e d  ( ta b le s  3 3 -4 0  and 42)# 
f o r  th e  seven e loarance  p e rio d s  ahomi^ BAOA o learan ae  r a te s  xirere 
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m F4 # H





■ 3 | g11^3^  ^ .g ,
;
7* o f M â§A  %  th e  in ta o t  cU aptea^t pJ?apamtioa<
t o i m l  W e l# i  o f tag*/s)X# % * /a l#  %#*/#:# m l./m l#
% A e r  4 ia p tea # â  homogemte tioem e tleem e oelXs Intra^GO&ltÜlar
W # )
% W Z  9 3 .6  . 0.40 3*6? • 1,9? 3*46
g 182 ?6,2 0,4-2 1*23 1*30 2,68
211 60,0 0.32 2.44 0.74 1.30
4 211 114.2 0.54 4.12 2.42 4,25
5 191 73,6 0.30 2.90 1.20 2.14
Moau Î  S,B . 2 ,8  t  1 .1
Beegem'Wâ a re  ahaeuilta. o f g q%peydmaAt$ showing uptaliie o f BàOâ by th e  
Im taot r a t  #iaplira#m preparà&iom (oh ep te r ë)# BAOA canoemtmtioîi/gni* 
o f o e l l td a r  tioom e io  oalom latad by aa#w#li3g w  exbra  f l u id
ooutemt of 1? p e r  ooht by w eight o f  th e  whole tioeue $ and sXeo aeoum- 
in g  th a t  th e  ' e ^ t r a o e l lu f a r  f l u i | ;  @#A con ten t l a  th e  eame ae th a t  o f 
th e  i im h a t io i i  Beditim (i#e* 10*^  ^ o r  1#7 # /g m . whole t ie e u e ) .
1404 o o n o en tfa tio ii i n  th e  im -braqellular w a te r- la  oa lo ttla tod  from th e  
c o z ic e n tra t io n /# . whole tio o u e  by asauming th a t  i n t r a c e l l u l a r  w ater reproeonte 5? p e r c e n t by weight of c e l lu la r  tiseue#
6# üiirofflboplaetin g e n e ra tio n  te a tâ  e f f e c t  o f 3AÜA
Im u b a tlo a  0 1 o # i%  aeooM o, a t
. ®ime , r e x ^ t n g .  #&G4 coaoentrationB  $
(.Jittwuc^ i&y mOA coH seiitration  ( M â r )
ÎSil 10*  ^ 10*"^  10™^  2o"l
1 53*9 98.0 34*5 56.0 35.0
' - I
a 14..5 16.0  14,0 13.9 15.5
5 lo.g. 11,5 . 10,5 11,0 . 11.0
4 11.0  11,0  11,0  11.0  10.5
5 11.0  10,5 11,0 10.5 ' 10.5
6 10. 5- 11.0 11.0 11.5 , . 10,5.
ilie  e f f e c t  o f v a ry in g  oom em tratlono o f M0A An th e  tbrosîbo« 
p la a t in  g én é ra tio n  te a t*
Ü?abl0  g# ftoombin oXotting time* e ffe c t of eoditm 
c h lo rid e  jj. u rea  and
l o t o i t y  t>f Olot-biiTS times,. seooïiflB, with
sodiiam ohlorido godlim
«rea & M&&. Gblaclde Ürea BAG4
0.1 13.5,,14 15, 13.5 13, 13.5
0.2 13, 14 14, 14.5 13.5, 13.5
0.5 ■ 18, 19 14.5, 15 14, 14
1.0 27, '28 16.5, 17 15, 15.5
2.0 48, ' 50 22, 22 18.5 19
PXac^Bm/SaXine ^ j..oontrol
flie  a f f e c t  o f  in o raae in g  co n cen tra tio n s  o f sodium c h lo r id e , 
u re a  and MMA mixed X § 1 w ith  normal plasma b e fo re  assay  
o f  th e  th r o A ln  c lo t t in g  time# fiie r e s u l t s  of d u p lic a te  
assays a r e  shown, a lso  c o n tro l o b se rv a tio n  w ith  plasm a t  
0*9 p er cen t sa lin e#
fa b le  10# Acid haemoglobin a iib s tm te i
e f f e c t  o f g ly c in e  ao a  b u ffe r#
■ ®0A _ pH of a c id  haemoglobin
concen tra iiom  s o lu t io n
w ithou t w ith
g ly c in e  g ly c in e
1 , 5*7 2 .2
10*"^ ■ 4 ,7  2 .1
1 É T  2 ,1  2 .0
lO"^ 2*0 2 .0
lO "^ 2 .0  2*0
fhe e ffe c t of glycine in  buffering the acid  ImemoglCbiu substrate when BAOâ is  added#
tebl©  II#  p ro s ta teo to îîy  p a t ie n te s  c l i a i e a l  data*
13 moA 15 o m tr o l
t r e a te d  p a t ie n te  p a t ie n ta  t  p
69,8 -  7*5 66.8 i '  9.5 0,715 >0.'
S / l o S )  3.5.5 i  1.9 13.5 i  1.9 0*066 >0.9
'tw' S»y ?wv *vi i'»'' iiawiiÉilB
BW (mg./lOCM.,) 17.8 & 4*6 I9.4  $ 6.7  0,743 >0.4
S s S t e S  3.4.7   ^ 8*5 15.4 -  7.4  0.234 > 0.8
Sretolio 8.Ï»., mml%, I40 t  29 139 -  30
Biastolio 87 t  16 84  ^ 13
Sho'im l a  th e  s im i la r i ty  o f  age.# pre-^operative haem oglobin| blood u re a  
n itro g e n  (Bill) and M ood proaaure le v e ls  # and th e  w e i^ it o f  t is a n e  
re se a te d  in  th e  BàOA and c o n tro l groiips (prepared  from  ta b le s  44 and 
45),
i ’ab lô  12# B ffe e t on u ro k in ase  a c t iv i ty  o f s to rag e  o f u rin ea  
at 4®C.
brolcim ae A c tiv ity
"Urine I n i t i a l l y  M te r  e to rag e
Area o f tîK Area o f UK
3yei$ a c t iv i t y  ly s ie  a c t iv i iy
( m ^ )  ( im l t a /m .)  { n s i^ ') . ( tip lta /m à. )
1 560 41. 0) „ 323 42*4 ) „1 R
■’'«4 46.3) ’^^ *' 315 40. 3) 41.3
32. 7) 54 p 209 33*5) .3 2
336 35.6 /   ^ 272 28.8)
3 240 10.2) 30 2 210 17*3) 3a 7
'  252 20. 2) 225 20.0) *'
1 #  7.3) Y Q 132 7.8) Q g
4 106 8, 4) 143 8 . 7)
= 4 2 b  5 4 . 4 )  K g  q  3 8 0  5 5 . 0 )
 ^ 441 59.2) 400 60. 6) ?''ü
41. 6 ) .1 g 320 41. 3) ,2 n
41. 6) 4^ * 356 44. 6) 43*0
Meaa i' S.D. ** 33.9 -  17*6 ■» 33.4 -  17*9
iDhe r e s M t  o f urold .m 30 aeseye c a r r ie d  out w ith  f r e s h  normal u r in e  
s m p le s  and re p e a t  assays c a r r ie d  out w ith  th e  same u r in e s  a f t e r  
s to rag e  a t  4^0  f o r  ^2 hours* itio stm idard ixrokinase curve ru n  
w ith  th e  i n i t i a l  assays cm ve 45# ta b le  4^» and th e  curve ru n  
w ith  th e  assay's on s to re d  aampleB was curve 48* %he assays were 
c a r r ie d  out in  d u p lic a te 5 th e  c o e f f ic ie n t  or v a r ia t io n  f o r  th e  
12 p a i r s  o f  assay s i s  8 .9 8  p e r  c e n t. Memi u ro k in ase  a c t i v i t i e s  
b efo re  s to ra g e  (33è9 ^ 17*8 p e r  c e n t ) ,  and a f t e r  s to rag e  (35*4 ± 
17 .9  per c e n t ) , a re  alm ost id e n t ic a l  ( t  0.049# P ^ 0 * 9 ) #
fable Ig# loss of ureldLmse activity during dialysis,
aArea o f  J y s l s ,  m f  # gtaBclarçl U roM m se
with dlalysect UlC weklmase activity in
s o lu t io n  (ag u n i t s /  d i lu t io n  d ia ly sod
lAl.) durve B #i#les
mWber (tm its/m l*  )
Lobs o f 
a o t i v i t j  
due to  
d ia ly s i s  
(p e r  c e n t)
196 i 02 18.2 27
192 106 1 6 .4 34
192 107 15.9 36
247 111 17.7 29
S32 112 19 .2 23
196 117 16.6 34
182 118 15.3 39
196 119 17.2 31
204 122 17.9 28
210 la g 16.5 34
1*4^
U is tm  *• 1a .» . 32 *
Feroentage lo s s  o f  e o t iv i ty  o f s tan d ard  u rok inase  s o lu t io n  
(Eg im lte/iid*  ) du rin g  d ia ly a is#  fhe  mean v a lu e  and stan d ard  
d e v ia tio n  a re  a le e  shown#
fh e  s tan d ard  u rok inase  d i lu t io n  curves aa?e from ta b le  4ë#
fable 14* increase of urine amiples during dialysis,
WwQiiWW 'iilmv'W/
Ifoight of tubiîîg ■Weight o f -Wblmg centmid oontenta before and ooptente a fter  inoreased ia ly s is  (gm*) d ia ly sis  (^ * )  in  weight.
wni"'‘iW'i;.nr‘ii!» 't'"#.'! ^ i#i i'w'a#',^ ip,
8,062 9*323. 5*2




10, 244. 10,899 6*4
9. 60s 10.111 5.3
8.123 6.215 1.1
7.867 ■ 8*233 4 .3
10.198 10.553 3.5
#1 jnHUmnwi rjTia»sâfes:pEiri»ti:#taiaa‘tfÿtfstf»:Mir^ ?v<TiHSf4#ir;iWi»at^ ;3ffl^
îfeaïi t  S,B. 4*5 “ 1.5
Bhomi i n  10 im stanees i s  th e  in c re a se  in  w eight of d ia ly s is  
tu b in g  and i t s  c é n ten t o f  w in e  a f t e r  d ia ly s i s  f o r  24  hours# 
fh e  mean v a lu e  and stan d ard  d e v ia tio n  e ra  a ls o  showa* ’
fe b lo  15# B ffeo t o f banls blood and f ro e h  blood on uroM im se a c tiv i ty #
u rok inase  a c t iv i ty  when d i lu te d  id.th$
lïkperisûiont
î t a b e r
Si
Area % 
ly s ie  
(mm^)
%lim




ly o is  
(îîmi^)
: blood 
U n its /  
ml#
F resh  blood 
Area o f ï ï î i i t s /  
l y s i s  ml«
1 (45**) 288 25 285 2 4 .5 504 28#5
2 ( 124*) 285 25 270 22#6 289 26#5
3 ( 125*®) 2T2 25 252 21*7 256 2 2 .4
4  (128®) 289 25 515 30# 2 272 2 4 .3
# mutt W # iI jW ami' *  ' 11 ,mi ■', iKT ■ II#1 » w  ^««l: t  Alt* # 3#»* O#' : ##  * #,'
Mean 24.B 25*5
HGBUlts o f 4 expei^imonts in  which th e  e f fe e to  o f  d i lu t in g  u rok inase  1 î 5 
w ith  s a l in e  ex p ired  banîc b lo o d , and f re s h  o x a la ted  blood v/ore coBipared# 
fh e  banic blood and f re s h  b lood were d i lu te d  1 q 49 w ith  e a l in e  befo re  
a d d itio n  to  th e  urolcim se#
m‘stan d a rd  u rok inaçe d i lu t io n  curve number ( ta b le  4^)#
f a b le  16* E f f e c t  o f  BAGA on  u rlm m y h aem oglob in  a ssa y #
M  10*5 10*^ 10"^
»849 0*31 0.248 0.247 0.249
0.254 0.255 0,254 0.254
O p tica l B eiisitle iS j tfeisac 1
itloaî. Dsjiaitios. ÏÏBiK.® 2,
0.252 0.254 0.257 0.255 0.254
0.260 0.258 0.859 0.860w*,
■Mqbm Qptioal Banslties 0.855 0.855 0.254 0.256 0.254
<n j*#<'*-Tnii#Tiiiiii#ri Ti>i-iiii<r-m' li - TT i^nr^ mr^ ur^ nm W "*-mrr'Trirr %fi iTmiirfr -mrr Tin1;,r)-iirriir"'innw i>:*ii'‘V;rf^ T-Tir4'1iTt7fnhVM‘iVf’'-iiir'iiiiiMirii ii-r-T M-"Ti'ii'r'-TTri'ip-,ïO#r«-TiÈ^nin'î,Trfn'-(^ r#"nmT4-i*rrm"rn -lir'm—w rf---rYiTn-'rri#TirMr':T
B ffêo t Of BA0A cm u r in a ry  haemoglobin assay* O p tica l d e m i t le s  o f  aampleSi’'prepared from too normal w in es h y  the addition of a constant 
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r1 g ' l  
% A ^
I
W i  §
f a b l e  20#  p ? o a ta te c ‘(;oi^* © e r io B ^  BAGA
t r e a te d  patieaito»  Üriïiatc^r BA0A oomteat*
Da^ o f 
ob8e3zv'attoa
BAOA o o ao e a tra tio a
4 w  R-i*• 8#P*
3*2 1 2.0 0.842 * 7.28 2.5 Ï  1.3 x, lO'^ ^





0.11 4 0.14 0 -  0,495 8.4 4 10.8 x lO"^ +81.5 -  7.7
6taiAT*ckYidK'taË:t*lmAW«fÈR4a»a##+-'Tj»,T*WKib'%MkiiWyt#fAa%z?,mtwajaeeim«É»i!L*K&3^  iWirfimtTir-ii
4 0*025 0 -  0.270 1 .9  X 10" '^ 02.1 4 6.8
1 ' "nnm iiiill 'n n T T -":T I|' I"m"'rff"*fTM*?*' IVIT-""' rT-*— -' '^nirT " - i r ir ' '-'M rnir--Trr'A-'#"r-OfiWT*|i''-*  '-ir"'"rr'^'-r'r"-T"^lT,ih-rrMfMTx"'-mn-wi#T4r"^1'm*V'ri#fr,'rh ' ' w M - r ^ »  Tr#lrMi#-m;Tnnf r ' - i r  uri m 11 nw #r- Wrr , - n m l  Tri i b |T* r * n##n %fm#û w nwi nmi 11
Bhovjxi f o r  th e  f i r s t  4 days a f t e r  o p e ra tio n  a re  mem% BÀOA ooncen tratiO B s, s tan d ard  
d e y ia tio m  and ranges^ M ean onm dlative percen tage recovery  o f  th o  8 gsin# dose 
adm in istered  i s  a ls o  shqw # (fa h lo  compiled from ta b le s  67 and 68).
fafolo 21# fmmTOtliral series, ooatrol patients*
laropepain a o t iv i t j*
fa tien t
lumber O p tica l
D e m ity
îîro p sp ste  a s s# -
c o m e m tra tlm  
(tiav/ml*)
# p t l 0  a c t iv i ty  
(m g.) p e r  24 
hour co llG c tio n
1 0.086 2, 44s 2,833
3 0,073 8,130 2.498
4 0.065 1,846 3.600
5 0,047 1*333 8,283
7 0,020 0,623 1.344
8 0,063 1.846 3.138
9 0,052 1.477 8,496
11 0,020 0.568 8.772
16 0.023 0*710 2.570
17 0,023 0,710 1.534
10 0*046 1.306 8.521
19 0*023 0.710 3.124
24 0,030 0,832 2*948
26 0.092 2,613 2.639
27 0*068 1.931 8.723
2,601.
s .» . 4 0,376
0how  in  th e  l e f t  hand oolm m e re  o p tic a l  d e n s i t ie s  in  th e  assay  
f o r  p e p tic  a c t iv i%  o f th e  f i r s t  p o s t o p e ra tiv e  24 hour irelne 
oolXeotloBBé. In  th e  m iddle oolmm th e  r e c u i te  a re  escpreseetl in  
t e r m  o f th e  a c t i v i t y  i n  th i s  assay  system o f a  p u r if ie d  pepsin  
p re p a ra tio n  (o iiap ter 8 ) .  f l m l  r e s u l t s ,  c a lc u la te d  from the 
middle column &M u r in e  volumes ( ta b le  46) » a re  eEpreseed in  
term s o f .peptic a c t i v i t y  p e r  24 # cu r u r in e  co lleo tio n »  Ihe  mean 
v a lu e  and s tan d ard  d e v ia tio n  a re  a ls o  ehown*
ÿàb le 22$ se r le e *  BâOâ trraatoâ
p a t ie n ta s  m?op#pa,:bi a e tiir it^ #
2 2 -
#0pep0lm  aaaasr
*TepaW^ P ep tlo  s a t i i r i ty
eo% ù0#% tlom  (mïg, ) p e r  24
(üg$/ml$ ) hm r" Golleo'kloa
1 0.010 0,884 0.605
6 0.026 0,738 3.609
10 0,017 0.485 0,850
IZ 0 ' 0 0
13 0 0 0
u 0 0 0
15 0.036 1.022 1.165
20 0.027 0,76? 2.155
21 0.020 0,568 3,327
22 0,042 1.193 2.279
25 0,010 0.884 0.346
25 0,055 0.994 1.958
28 0.017 0.483 1.096
1.555
s.» . % 1.26%
8how ia  the le f t  ImW oolmm are optical âem ltlee in  the
aaeagr f o r  p ep tio  a c t iv i ty  o f  th e  f l r e t  p o a t^o p erg tlv e  24 howr 
■ariiie ■ O0lleoiioa:sa$ l a  th e  midclXe oolmm the- r e e à l t a  a re  
expreaaed in  term s of th e  a c t iv i ty ’ l a  t h i s  a ssay  ayatem of a  
p m rlfieâ  p ep s in  p re p a ra tio n  (ch ap te r  8)* f l m l  r e u n ite   ^
o a lm la te à  from th e  middle oolimn and o rin e  v o lw e a  (taîDla 4$) 
a re  expreseed i n  term s o f p e p tic  a c t iv i ty  p e r 24 hoar w in e  
co lleo tio n #  ■ ' %he m m  V alue and s ta M ard  d e v ia tio n  a re  a ls o  
shomi#
fa.ble ê f  mzlmç q%i  c lo t tin g  time of aom al
plasms*
M ajeet #rombin c lo ttin g  tiiiee (seocndei)
$ r ç #  o f  plasm à^nrine m ixtnra when
‘Oriwe not dlajysed. ïïrine dialyseâ  
S Æ f f  • 19*5 î  4*7 14*0 î  0.8
3,3 3MI4. , ,
t r e a W  17 ,0  * 2*S 14«1 * 0*6
p a t ie n ts  ■
S t S S r  16.3 î  2*5 13*9 0.4
O oatro la  .
( p la s m /s a l in e )  ** *’^
fh@ tablé emmmrloée tab les 74, ?5 and ?6* Mean values aw.d 
a tau d arâ  d ev ia tio n a  a re  Blvmit o f throm'bia c lo t t in g  tim e a of 
normal plam m  mixed 1 s- 1 w ith  u r ia e  "before aeaay# fhe 
thrombin, c lo t t in g  tim es o f plaem a/ealim e c o n tro ls  axe a ls o  
shown#
fab3.e 24# fraimwetliral prostatectomy series g plaeuia plaamlmogem anti
fiteinogen ïevele* and throm#:W olçtt&ng times*
Haexiiinegen B ite in cg en  
( tih ita /# !*  ) (mgv/lOOiïîl* ) Time
•ttt*dHlW1ï9(|»rii*T«fl!r4kviFüiteRiieiÿ3^ TLîjapWtS^ .iâlilï3***^
15 control, p a t ie n ta  2 S  f  0*2 500 Î  60 IO*g ^  0#g
15 M0A tim teâ pa-iîieats 8*5 « 0,8  297 î  6g • 10.3  t  0.9
t  0 0,547 0,594
>  0 .5  > 0 ,5
' T M r - V rT Tf r i r - ' - ' r X ' ' i ' ' n f ^ i ’r ' ' T - V - M f f ; ^ r i i r - — f n ' i \ r ^ - n - Yn i i 'M T m m '# i ^ r '% i r i d ( i n i r - r ^ r i # r  tV'n'Vt i t î  • liir - iiiT iU T fir  ^ ' r r r n i i T ^ n r ^ i i r i i i i i - — hw w fi r f i f i f  .iif
Bhow% for the oontrol and treated groupa axe mean iraluea, standard 
deviationa and *'t \^ te sta  m  plasminogen émd fibrinogen levels ^  and 
thrombin time, in  plasma aamplea taîmn off 4 hours a fte r operation* 
(Compiled from tables 77 and 78)*
ÎIJablô 25# p r o s t a t e p a t i e n t s  3 p la s %
BACà le v e ls  4 and 6 hours a f t e r  o p e ra tio n .
P a tie n t  Plasma BAOA oonoeiatration (mg'*/lOO ml # )
te a b e r  At 4  hour© At 0 hours
2 1 1 ,4 ( 12 , 5 , 1 0 . 2 ) 6 .3 (6*5* 6 .8 )
6 10.1 ( I I . S 5 8 .6 ) 3*6 (6 .6 , 4*6)
10 8*4 ( 9 , 1 , 7 .6 ) 4 .8 (5 . 7 , 5*0)
12 11.1 (13 . 2 , 8 .9 ) 6 .2 (7 . 4 , 4 . 9 )
15 1 4 .5 ( 17 . 1 ,11 . 9 ) 7 .2 (7 . 3 , 7 . 1 )
14 7*2 ( 8 . 0 ,  6 . 4 ) 3 .6 (4 , 0 , 3 . 2 )
15 10 .4 (1 0 .5 ,1 0 .2 ) 5*8 (6 , 5 , 5*0)
20 3-3.3 (1 6 .2 ,1 0 ,4 ) 6 ,9 (7.8* 6 . 1 )
21 1 3 ,0 (15 , 6 , 14 . 4 ) 9*1(10 .0 , 8 ,8 )
22 10.7 (1 2 ,8 , 8 ,6 ) 5 .2 ( 5 , 6 * 4*8)
25 6 .3 ( 6 .9 ,  5 .7 ) 5 .8 ( 4 . 7 , 2 .9 )
25 16.4 (19*6 , 13 . 1 ) 10 , 0 (11 . 1 , 8 .8 )
88 12» 2 ( l3 * 4 s ll* 0 ) 6*5 (6.8* 6 , 2 )
*Ma«ME:i#mWta#j;L'a*:twaK4<*2ia?.ak4A*T.Arj#aia:ic:#K!d»j:(5*a*«rM*A#f4r?^ K;9etZ3&a*iaMt#im^  inm nrvu : i.
He an 11*3 6*2
S.B . - 3 .0  Î1 .8
Show5). a re  plaenia WiOA le v e ls  4  and S hom?B a f t e r  th e  s t a r t  
o f th e  BAOÀ in fusion*  E esu lte  o f d u p lic a te  assay s  ^  mean 
v a lu es  and stan d ard  d ev ia tio n s  a re  given#
lt?able ir:?ostateotomy p a t ie n ta i  c l i n i c a l  data#
10 BACA t r e a te d  9 c o n tro l
p a t ie n ts  p a t ie n ts
Ago
Eaemoglobin^ 0S#/lOO ral* 
mg*/XOO S&»
S y s to lic  B*P* ÿ mmî%*
;.'M a s to l io  33#P# ^
Weight of tiecuQ g güi*
T-^i^ irilini rni i^ TTrr-*—,r~"tr t-i—rrrîTrTf -imtijrti ir-^  ..1 -*T - y— —— '—- r - j '  i* " m
Shown a re  mean v&iluea ,and s tan d ard  d e v ia tio n s  f o r  ag o , pre- 
o p e ra tiv e  haem oglobin, blood u re a  n itro fp n  (BEH) and Mood 
p re s su re  l e v e l s ,  and x fo i# it o f p r o s ta t ic  t i s s u e  removed, 
f o r  th e  HiAOA tr e a te d  and c o n tro l p a tie n ts#  (Oompiled from 
ta b le  7 9 ) ,
66.1 ■JJ» 5 .4 7 1 .0 7 .7
14»Q t 2 .2 I 4..6
*}.•# 2 .0
16.9 •!• 9 .0 1 6 ,9 4' 5 .3
143
*}..(in 2 5 .5 3.46 1 9 .7
87 'M12.5 89 i'Mil 11*7
5 7 .0 Ï 33.5 6 9 .1 # 38.8
m t  ^  1 , 6 2 0 ,  p > 0 ,1
mm t  --Î 0,751 p P i^0 ,4
é  2Tè Bxiprapubio prostatootom y p a t ie n ts  â. post^^operative 
blood losoi,
li «nraâe*S5*ss««c:eat«i * m?T,Ak*fW#^ *LEà*A#ASA»&;A;w#kk^ «re&«tk%A3»WüA»U:iAri*i:U*mi#?M#:#u
U rinary haemoglobin io n s 
fo llo w in g  axixgexy (gsn,)*
beairwiih5*^ w;ud4{«.Tt^ *5Tiecm.7T3e^ r»Kir»*».
k P
• 10 BâOl 9 ooiateol
t ro a te d  subiopt© BubjeotB
1 13.0 î  10,4 40.7 - 31.2 8.660 <  0,02
2 4.9  ** 2.6 9.4 " 6.7 1. 94a <  0.1
3 3.3 -  1.4 3.6 t 1,6 0*394 > 0,6
4 2*2 î  1.2 2.3 t 1*2 0.254 >0.8
5 1.3 -  0.6 1.3 - 0.9 0.153 > 0,8
■ays 1 #
.^*<v**,-!.Ær-V-Ji,> t-ï ‘■-VJJtrTh. ï^ li 4î* V-Wtl Tt'T
W  -  13*4 57.4 $ ?3.*5 ' 2.972 <0.01
0
B ffço t 0$  %0% on % # #  ■ in  p a t ie n ta  a f t e r  aupra-
pubio. p rQ étatèbtosiy , W l # h  A #  stan d ard  d e v ia tio n  a re
eîiomi'i.. a ls o   ^ and *p'*' vaXtiew, Éiê d a ta  axe a ls o  d isp lay ed  
g x ap h io a lly  in  figtn^'e 26,
tebXe prostateotO B y pa tiex itss  post*^operativo
blood loBs p e r  u n i t  w eight o f  t i s s u e  roBOTed,
BXood lo s s  (gfa«. IiaoBioglobin) p e r  0 a ,
P a t ie n t  , .  n r o s ta t io  t i s s u e  removed






13 . 0,804 1.091
14 0,284 0,430




3 0 ,2 4 6  0 ,5 6 1
4 0,237 0*327
6 1.021 ■ 1,772
7 0,534 0*673
10  0*460 0*681
12 ■ .0 ,7 2 0  . 0*853
18 0,964 . 1 ,257
19 0*706 1.223
BWim fo r  each p a t ie n t  axe b lood lo s s  on th e  f i r s t  p o s t 
o p e ra tiv e  clay emd f o r  th e  f iv e  day p erio d  Of o b se rv a tio n  p 
p e r  tu ii t  w e ig h t  o f  p r o s ta t ic  t i s s u e  removed.
29# Bupm ptiba*.c p ro s ta te o tO B y  p a tie n iîs s  p lasïiia -
3M0A le v e ls  4 and 8 hO'ars a f t e r  operation*
i!«jrfO«»»<(ïeil^ itsi*Wi?|P7S<7TiSTïvVî5ïé¥iwr«T^ci»tiî4àiKtrj*ÆA4n''Wï4i«iss^
ï ^ t l e n t  M a m a  EAOA co n o e n tra tio n  (mg*/iiil* )
Ifeobor a t  4 hours a t  B hours
1 15.2  7*4
5 14*0  6*5,
8 15*4 7 .5
9 6 .9  4*4
11 10,9  6*0
13 8 .8  5 ,0
14 13 .6  8*3
16 11,6 6,4
17 11.0  8 .6
18 12*5 6 .0
Mean 12*1 6 .6
S3) I 2 . 7  Ï 1 .4
iSa.j|i***aiÉ|teN»r,*tS»t9ad/Aïte?Ç3a>W3ïsy^ 'tCOT*fJeG»:y*aç5N::;^
Sliovjn a re  piasma BAOA le v e ls  4 and 8 hours a f t e r  th e  s t a r t  
o f BACA therapy# Mean, v a lu es  mid standaixl. d e v ia tio n  a re  
a ls o  shoim#
fa b lo  50# In d iv id u a l p a t io n ts  w ith  ham m turla$ ooagxitlation and 
f ib r in o ly t io  data*
ï& tle n t Bxtsabea?
1 8 5 4 5
I I, ÉT i:«lli.>»',*|N I#, ' u'licrK ta*rf;K a4V'=4 0 % tr) # * i& '^ #U m nt#w *L hW r% :A m A W a**Si&«mTm"Aük«*l'Mfn
B le e â l i ig  m 6 9 6 /i "î
îîia s  (ffiifls.)  ^ c ^
C lo tt in g  tim e m r .  x  .  ^
(ïïd.ns$) T 7 9
H a t e l e t  se lg7% se© 880. 51é„ 855%
Goxint/mïrr 3clO^  ^ te% t M u  xlO xlO*^
t&j#iaÆ2VTWfWfX«7»aT*1 4^1* «veiehW=ti.’ixiTeVtiPÿVK»iT»Sa5fci»iaj*i/h^ dJit»U;a*t5ieÉMeu:^ r
84 2 .6  2 .5  2 .7  8 ,3
Hobs^b i e s t  #-vè '«vo "«‘vo "#V0
# % % !   ^ 230  318 276 285 2 #
*yf<9M4^ ew-i»a>»A’:=tti«irA«-:a<'4iS<r.i:'r,
3?laBmluogen 
(c a so ln  x inlts/iû!*)
æiiroafcisï B atieai; 11 10.5  10 11 10
(s@conaf) O o ï ^ W l  10.5 10 10.5 11 10,5
ŒâÆiiô(seooBa,s) G o a t r o l  16 16 15 15.5  15 .0
Sl\^l0 'blilia ly s i s  _ ? n n n ,  n .  f\ 1
tim e ( a iü ta )
Bhown a re  co ag u la tio n  and f ib r in o ly t ic  assays of th e  p a t ie n ta  re p o rte d  
i n  eîîanuer 12$
m Assays c a r r ie d  ou t by the  m edical o%" la b o ra to ry  s t a f f  o f B arnes, 
Jew ish and St* Iiidte * s H ospitals*
APPENDIX 3
SU PPO R TIN G  TA BLES
la b  le  3X# Assay' o f  BACA in  v a lu es  ob ta ined  w ith
nlasim s o f Imoim ËAOA. content*
O onoentration o f
BAOA i n  p la s m  BAQA assayed*
(mg$/lOO ml* ) (rag'#/lOO m].* )
0 .5  0 , 2 , 0 . 9 , 1 . 2 , 1 .4
1 .0  0 . 5 ,  0 . 6 ,  1 .4 ,  1 . 8 , 1 .9
2.0 1.1 , 1.8 , 2.6 , 3.2
3 .0  2 .0 ,  5. 9 * 4 .9
5 .0  3 . 1 , 4 . 7 ,  6 .3
1 0 .0  7 .5 ,  8 , 0 , 9 . 9 , 10 . 9 , 1 2 .6 , 1 2 .9
2 0 .0  1 6 .7 , 1 6 ,8 , 17 . 6 , 18 . 1 , 2 0 .9  , 24.1» 2 5 .6
2 9 .0  2 1 .4 , 2 8 .3 , 22 . 9 , 27 . 4 , 2 7 .8 , 2 9 .9 , 31.7
3 0 .0  26 . 0 , 34 , 9 , 3 5 .4
Shown a re  v a lu es  ob ta ined  in  assay  of p la s m s  w ith  M iom con« 
c e n tra t io n s  o f  EAOA* !Dhe d a ta  a re  a ls o  d isp lay ed  grapîaioal3y 
in  f ig u re  10#
u. M a e »  mid m i m  o o iicen tm tioae  o f  M B à  
, vaim te
f t e r  a  e in g la  ' i n t r a
0A0A oonco iitra tion
mil%e*
a ifte r  M a e » ’ B*B«Sri (*#
ï ï r i a e
BAOA
co n ten t
(# w )
P e rc e a t# 8  
o f  â o e e  
ex c re ted  
i n  u r in e
0 . . 0 ■ . 0 ## *0 m
i 150,0 3 5 .6 w#
* . 51 .4 81.2 S ÿ » M # tm
t 85*0 '1 4 :6 ' ' 12 .6 380 4.708 ’ 4.8
2 10,8 ■ 8 . 9 . ,  m t. ^
51 * a # m 1 5 .6 a 9 3 .4 1 6 82
4 3 . 9 ' 8 .6 # < m e * .
6 3 :4  ' * 9 .6 ' 8&.&5 05 1.805 ' 100
24 0  . . 0  . , .  G# 96 1135 . 111
3.8. # * * 0.184 360 0 ,0 4 5 111
#ft<toîWyaHBCfeftB*>aial*ïgW5#wàKs»xdtitwteggwsaripitgrg-ai8àa^
f la e m i,  E*B#0* and urim ary 
i n j e c t i o n  o f  i o  gm# BACIâ* 
f ig u re  lÉ#
M B A  ccnoentratiOB© a f t e r  ra p id  $he data are a lso  ^ ap h ica lly  displayed in
ü?able 33# Plasma aaiâ ‘u rin e  co n c en tra tio n s  o f  BAOA a f t e r  a  s in g le





BA% co n c e n tra tio n  







co n ten t
im *)
Percentage 
o f dose 
ex c re ted  
■ in  u r in e
0 0 0 "
'1 2 1 .6 14 .6 4*24 210 0 .8 9 0 8 .9
1 24*3 1 2 .0 1 0 .1 124 1 .2 5 2 2 1 .4
2 35*9 . 14.1 2 0 ,7 75 1 .5 5 3 3 7 .0
3 m M# 1 7 .7 48 0 .8 5 0 4 5 .5
4 15.6 1G.4 *# —
4 # M - 15*8 80 1 .1 0 4 5 6 .5
^60 m 14*1 42  . 0 .5 9 2 6 2 .4
6 4 .5 6 .6
12 0 6 ,6 2 .3 9 585 1.398 7 6 .4
24 0 3# 5 0 .3 7 640 0.837 78.7
30 w 0.05 320 0.019 79*0
Bevels o f BAOA in  plasm a, red  c e l l s  and u r in e  a f t e r  a  s in g le  G3?al dose 
o f 10 gm# cum ulative u r in a ry  e x c re tio n  I s  a ls o  shown, and th e  d a ta  a re  
d isp lay ed  g ra p h ic a lly  i n  f ig u re  18 (su b je c t 1 ) .
f a b ie  54# P le s m  and t r i n e  oonoen tra tions o f BAOA a f t e r  a  eingXe
oral dose
MGà conoentratiO B 
Urine
mg#/ JLUVi! . )  (a ig ./m l.)
Urine ü rin o  
volim e BAOA 






ex cre ted  
i n  m?ino
' u y m. ' m  '■ p# «•
& 7.15 0.942 135 0 .1 2 7 2 .5
1 14,8 3., 30 248 0 .3 15 8 .8
2 22*2 6 .5 0 246 1.599 4 0 .8
4 7 ,0 15 .0 133 , 1 .9 9 5 80,7
' 6 4 ,8 7 .0  - 156 1.084 108.4
24 0.505 ' 910 0 .4 6 0 111.6
L evels o f MOA in  plasma and u rin e  a f t e r  a  s in g le  o ra l  dose of 5 #%. 8 
o œ a la t iv ç  u r in a ry  ossoretlon i s  a ls o  ehOYm,^  and th e  d a ta  sre d isp layed  
g ra p h ic a lly  i n  f ig u re  12* (su b je c t 2 ) .
%able 35, Plasma anâ re d  c e l l  BâOA concentration.^ # :lth  rep ea ted
oral doses.
Sample Üime BAOA BAOA c o n c en tra tio n  5>Elg./lOO ÏÛ»
Humber (hou rs) 003510X5












5 6 g 1 3 .6 10.6
; « # i m
4 7 f 1 3 .6  (17 . 3 » 1 3 . 8 ) 11.8
5 8 ' 1 3 .7  (16*3, 1 3 .9 ) 1 4 .9
« i i"
6 24 #0 0 .5 4*6
#, IM#,* '/# asi.v>ÉCTatrj»LCTïia»---,#'T#a'nw%av&#3#%?M#TW=J#»&&wwvA*:3#=amK/#=?#nu#n'«a=T#rjW3*ri«k,«r .'#..i,»i# i, .«w.vii ;i»m-^»=;*q^**AW#r?#w4
Plasma and red  c e l l  le v e ls  aohioved by rep ea ted  doses o f BAOA* 
U rinary  le v e ls  a re  shown iu  ta b le  5 6# %he d a ta  are a lso  g rap h ic ­
a l l y  d isp lay ed  in  figiuee 13 (su b je c t l)#










co n ten t
(gm.)
■ 1 2 220 11.1 2.444
2 6*20 98 2 5 .1 8 .4 6 0
3 8 ,2 0 128 1 5 .4  (1 6 .3 , 1 4 . 5 ) 1 .9 7 1
4 .9 32 14*4 0 ,4 6 1
U rinary  BAOA le v e ls  found a f t e r  rep ea ted  o ra l  doses* Plasma le v e ls  
a re  shown i n  ta b le  35  ^  and th e  d a ta  are a lso  g ra p h ic a lly  d isp lay ed  in  
figoT e 13 ( s u b je c t l ) .
fa b le  37# Plasma and re d  o e i l  3ÜACA concontrationB  M th  rep ea ted
o ra l  doses#
Sample firae BAOA concionteition {mg*/XOO m3,*) BA.OA
Hmuber (hou rs) . dosage
Plasaia R*0.Oè (gm.)
csaàtnrK*vt*(Lrt:t/HMstszmMrx#Ai*f<wiAür3%»-T*&jffcrruirja^ nvt***wt%êr.i*%.*?aKA^ or%#M6pfa*vw •tntmn e m ^ r a * w r - my*, %#wn.!#vwwp g râ*
11.7
15 .8  ( 15. 0 , 12. 6 )
1 4 .3  ( 16 . 5 , 12 . 1 )
12 .4
13.6  (13. 9 , 13. 2)
m





















Plasma and red, c e l l  le v e ls  achieved ’by rep ea ted  o ra l  doses of BAOA# 
U rinary  3.evels a re  shomi in  ta b le  38# The d a ta  aie alîso g ra p h ic a lly  
d isp lay ed  in  f ig u re  Ig  (su b je c t g ) .
fa 'b le  3B# U rinary  EAQil oOncentmtioras td ,th  rep ea ted  o ra l  doses,
Urine MOA BâOA
Bm ber (h o u rs) Tolmie oono# . .. co n ten t
(ml*) (m g ./M . ) (0 a.*)
1 ; 105 15.3 1 ,6 0 7
2 V # 5 9.08 (9 .9 8 , 0 ,18 ) 3.959
3 8 120 11*1 1,352
4. 9 78 10.2 (1 1 .8 , 8 .6 ) 0 .7 97
5 10 150 7 .0 8  (8 .6 8 , 5 . 4 8 ) 0 .9 2 0
6 24 720 1.55 1.116
U rinary  BAOA le v e ls  found a f t e r  rep ea ted  .o ral d o ses . M as.m  and 
re d  c e l l  le v e ls  a re  shown in  ta b le  37? a^id th e  daba a re  a lso  
g ra p b ie a lly  d isp lay ed  in  f ig u re  13 (Buhjeot 2 ) .
f a b le  39# Haama and re d  c e l l  BAOA o o n o en tra tlo m  w ith  
rep e a te d  o ra l  doses*
Sample finie BAOâ BAOA conoen tm tion>  mg*/lOO ml* 
Humber (h o u rs) dosage Plasma E.B*0*
fcg
0 6 m
1 2 2 ZU2 11 .0
2 4 a 18.6  (2 0 .8 , 16 ,4 ) 12.7
3 6 2 17*5 (1 9 .1 , 1 5 .9 ) 12*9
4 8 2 17.1 (18*0, 16 .1 ) 11.4
5 10 2 16,7  (17*0, 16 .4 ) 15.4
6 12 2 17.7  (2 0 ,9 , 14 .4 ) 16.5
7 24 « à 0 4 .6
KÎ :v\v DrtsstS'iii
Masma... and re d  o e l l  le v e ls  acM oved by rep ea ted  o ra l  dose of 
EAQA.* TJrinary le v e ls  a r e  shorn. In  ta b le  46. fhe  d a ta  a re  a lso  
g rap h ica lly ' d isp lay ed  In  flgmze 13 (su b je c t 3 ) .
fe'blle 40# tJrinaxy ooncentrations with repeated oral dos©B*.
Sample fim e Urine BA0A MAOA 
Himber (hours) foXiBie oO noem tratlea co n ten t
(ml*) (mg*/mX.) ( # * j
1 -1 92 0 ,3 3 0 0 .0 3 0
2 1 60 10.6 0 .6 3 6
3 0& 130 11.5 1 .4 9 5
4 6 237 1 3 .0  (13.9a 12 .0 ) 3.081
5 7 t 89 1 5 .1  (15ï8» 14 ï4) 1.344
6 12 518 8,60( 9 .9 0 , 7 .8 9 ) 4*455
1 24 580 4 ,6 7 2.709
0 48 2970 0 .3 7 0 .9 5 1
9 56 1000 0 .0 26 0 ,0 26
U rinary  MAQA level©  fowid a f t e r  rep ea ted  o ra l  closes. Plasma and 
re d  c e l l  le v e ls  a re  fSkmm i n  ta b le  39  ^  and th e  d a ta  me grapMc** 
a l l y  d isp lay ed  in, fitgure 13 (su b je c t 3 ) .
f a b le  ■41* MBA c o n te n t. f o r  5 days a f t e r  rep ea ted
o ra l  doçéé*
wUi*s»îïiir.üA??^S0i: w i^  BtFisat! .«.-.laeiTa
Sajr ef o’biserro.tioj.i
1 2  3
RitieMcfe ta jlae  r o l t t m  (m l.)  15?0 3-620 I 840
lîâGAeone. (mg,/ml.) 0*3 3*3 1.1
m O A  co n ten t ( » * )  13*032 ■ 5*346 2.024
P a tie n t  IM ne volume (ml# ) I f lO  1900 1850
BAC/â com * (mg#/ml# ) 8 .6  2#â 0*19
SàOA co n tan t ( # . )  ' I 4 .7 0 6  4 . I 8 O 0 .3 5 1
ÏÏriaa vqlim ee and w ln a iy  BâOA co n cen tra tian e  and co n ten t on 
su ccess iv© daya la  two su b je c ts  given BMIâ^  É gm* every  2 toora 
to  a  t o t a l  dose o f  24  gm* % # f in d in g s  a re  summarised lu
ta b le  4 #
fab lé 42. Greatlulm plasma and urine oraatinlne
concentrations
Plasma te ln e  -,
P ub jee t Sample Ü re a tin ln e  Sample O re a tin im
%mWr Imafoer cona* Mamber oono.
(ïfîg*/lOO M .)  (î'iîg*/lOO m l.)
1 I  k #  5 “ 5 .4
2 1*11 209.1
s I f* S  4 186.7
i  t m  5 75 .0
a 0,90
5 0.94 4 IC4.7
4 0.90 g 118.1
5 0.96 6 64.7
6 0.96
Masma and im ine c re a t in in e  o oncen tra tiona  In  au b jea t g iven  
rep e a te d  o ra l  dôaee o f BAQâ ( f ig n re  13)# O rea tin in e  c lea ran ce  
v a lu es  a re  sh o w  im ta b le  5#
fa b lo  43* o f p ep s in  by BACA,
«mw4;iSFi*tîUuvi*w*W4tKM«r=i<itoæ.'X4«<tirr,rs»c>iMïtAiViWtvi?»
BACA ' % tioà%  d e n s i t ie s  peroontaga
o o u o en tra tio n  in  pep sin  'in h ib i t io n  of
(M olar) assay  p ep sin
0 0*376, 0.178 •m
0.0001 (l5!lO*^) 0,178 0
0 .00 0 5  (SkIO"^') 0,175 1
0*001 (IxlCT^) 0.150 15
0.002 (2x10”^) 0.137 23
0*005 (53rlO*^) 0*112 37
0,008 (8x10*'^) 0,060 66
0.01 ( Ix io ”^) 0*045 75
0,02 (2x10“ ®) 0,023 87
0.05 (5x10“®) 0.021 88
0.03 (8x10'*®) 0*015 92
0 .1  (IxlO*'*-) 0.010 96
Siloim i s  th e  e f f e c t  o f im re a s in g  BÀQA o o n o en tra tio as  on 
th e  a c t io n  o f  pepsiai on an  acM  haemoglobin s u b s tra te  « 
®he da,ta a re  a ls o  shown in  figmze 14*
0a
I
m +H , ,5Q %
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' 46# ïlroM naaa-4r 'V
.^temciaa?d 
Oimre , ;'
ii3?0a o f  \. 
oôuoôntratiO îi^ o f  0tmidà3?4 iirokiîiarjé "
g . # '
".. ^ ■. ■504- ' :
7 ’ 7 ' 77 > '
3 2 4 ., ; 7
■7:
247 ,
7  ..■ ;.. '■
- ■169 .. 99
- # 7 : ,.,5 6 0 , 7 . ”.:■ 108 7 .1 1 0  7 - y
. ' - 5.. ' 5807.7 :......3%':7'7 .266 : ... .' 188 .110..,, 7 '-^
ijcG ' ,73g07:^.. . 834 :7^i54 :
- ■ ,7', .
, ' ,  -
37V:;:. >3'?577- ' ■:'5.60.:7 : '2 7 0 . 7: ■..■170: . 7. > ■ H ' ; , I W  '7,;.;.
: ,.|>52,7''- 561 7. ''252. 178 - : 104  7
7 # ^ ' : '399;:.;7 ...252 .. . Æ I 2I 7 7  ■
■■■■•B\ - 5.22 ■'': .... 323 '2 4 0 .,''77Î567 '■ :i# ,:..: .7
■ . i . 576. . - 5 %  .., 278 , 4 8 0 ..,, :-;71 1 7 '7 7
7 “ G25 ■ # ) . .  ;.2897':.■..■# ' ' l a .  "'"
^ 11 54O: '■'.' 556 7 . 252..., 169 ■■lbO.7.':
■'12 ■.- ' 5757 594 :8557 165 104
: 15 .552  •;. ■'. 360  : ■956 .7 . #  ; .104. . ,, ,
'1 4
. 575 . 5 6 1 .: ,:«05 :: 18b ' . 110  ■'., "'
; , 3.Ü, 560 7 . '378 , 270 .162 . 1 0 4 ... .
■'"'16 5 9 8 ' :.7 -5 5 7  7 : 8 6 6 . , 192 .,1 0 0  7;.:
17 7 : 529  ■ ; 5 2 4 , ' 247 ...156 .,- 99
..558., 361 ■■.. 255 169 . , 108.
. '550.7 360  ' 256 lëO ■■ 100 ...:,
': \  M  '-.. 7  '.7 .609 /'■... 591  7 2 7 0 195 " ' 117
■7:-21" ';■■ .576... 378 .. :87o ;■'■ ■..182'■ ' % /  :,
.■■-22.: . ;,,:7;v'7.554 ■' ;,7 .  5997  :" -270  ■ .1 9 5 : " 117  .■'■'■
: 23 ■■ 621 396. . ' .■278.. ■■■"196 ,'.7 120
7 7 2 4 7 a : . : ' 7'57G7: '7 : % , 0 7 .:285"7 : . # : 7 110  :
■■;;725 77,--_ : Goo.7 .5 8 0  y 808.:. ,195: 121
' a G -  " j -  . . 6 4 4 ... .; , 599,g' '8 6 8 ,7.. ., ' '
m 580j7.^ ■88q « 1 9 6 , ISO
'v '''29 ■' -.552 . . 3 2 4 ,:. . 255. 102 ' 108 ..; .
.529 .,■' 3 2 4 7 7 247 ,-.: ' 169. '96-
7  30  ' 638 4 0 0 . #  : 1 9 6 - '1217 ::■;■
>,7“
; i'-
aM ard  Area o f %rele (mm# ) wit' 
rv e  ooîioemtratioms o f atawdard
































46 500 325 834 156 96
49 480 323 24.0 144 08
30 625 400 289 196 121
51 600 400 285 192 117
52 529 336 252 156 99
53 725 483 30s 196 132
54 522 357 947 169 104.
55 552 340 256 168 108
56 552 361 169 104
57 324 224 156 110 72
58 506 336 252 165 100
59 575 361 266 176 110
60 600 380 285 196 117
faM© 4^ # (ooratfnued)
Sta?.idard Area of l y s i s  (im* ") ir i th  v ary in g  
Ciiwe oomoeizbratioDs o f s ta id a M  tiroid.m se
mmez" 100^  50^  25#  18 .5#  G*,25?
6l 361 296 169 110 90
62 522 ' 320 240 165 99
63 529 324 247 169 96
64 575 361 270 182 108
65 588 323 872 180 100
66 575 378 878 100 n o
67 600 380 288 192 120
6q 361 256 169 120 96
69 552 380 252 170 104
70 575 360 266 192 108
71 552 336 247 169 100
72 400 289 210 132 96
73 576 357 256 176 108
74 575 380 285 182 100
75 420 304 210 144 99
76 600 399 285 196 117
77 440 304 285 156 96
78 588 336 855 169 100
79 600 380 288 196 120
80 576 378 270 182 110
81 484 323 225 156 99
82 609 380 266 176 n 7
83 552 360 256 169 100
84 600 400 285 195 121
85 650 400 323 225 132
06 621 380 285 192 120
07 552 360 258 180 100
88 600 400 289 196 117
89 621 399 289 136 121
90 621 396 272 195 110
Sable (contimed)
B taM ard Area o f l y s i s  ( m f )  W.th Taryiwg
Omr^0 co n c en tra tio n s  o f  s tandard  xn?olcinâse
A m ber 100# 50# 25# 12 .5#  6 , 25#
............... , '■! Mill 1
91 576 378 272 182 110
92 623 399 288 196 120
93 725 483 306 225 132
94 609 399 266 196 108
95 575 360 266 176 108
96 600 400 289 182 121
97 675 4 40 306 3.96 121
98 615 391 272 176 117
99 529 324 234 156 99
100 529 340 240 168 99
101 552 324 255 169 110
102 696 440 506 196 121
103 576 360 272 182 110
104 575 360 866 180 108
105 625 400 289 196 121
106 624 361 288 196 117
107 575 361 256 169 110
108 624 361 285 195 120
l(B 496 324 225 144 90
110 552 340 255 176 104
111 486 289 240 144- 89
112 644 400 289 196 121
113 575 376 270 186 110
114 648 400 289 196 121
115 588 . 361 272 182 n o
116 550 340 856 180 104
117 625 399 234 196 120
118 576 361 872 180 110
119 560 540 270 176 108
120 525 324 234 169 108
faMe 4^ # (oontlmed)
s tan d a rd  Area o f ly a ie  xrl’blx v e ry ia g
OiiTV© 0en o e a tra tlo n e  of s tandard  aroM nase
^  s ¥  2 ÿ fo  12#.#  6# 2 #
123. 500 323 234 156 96
122  552  360  256 1?6  103
123 480 323
124  672 440  289 195
125 598 400  288 196 1 1 0
340  252 168 i m
127 399 275 196 132 81
128 400  256 210 3.38 88
129 644  432  289 196 121
430 320 240
315 196 143 86
138 463 306 210 121 90
133 696 483 315 247
678  441
35 644  432  320  225 154
450  320  182 132 91
437 304 160 180 88
138 43a 289 169 121 64
139 391 270  176 117 81
Mean + S.B. 566^8? 364-46  262%3 169-26  110&17
Shown a ro  th e  s tan d ard  iiro k im se  d i lu t io n  omzyes 
rm i in  th e  f i b r i n  pXato t e a t  thrcm^xont th e  study# 
fho  means and atand.ard d e v ia tio n s  a re  shorn 
g ra p h ic a lly  in  f lg o re  17#




add$d (tjI , )
lfe,em0Blob.1iî
O o ïîoeaira tioa
(iSg./ffll,)
O.pi)loal B o asity  
Ü3?toe 1 ïïr lîis  2
10 0 .1 0,061 0 .0 6 3
20 0 .2 0.112 0*132
30 0 .3 0.192 0 .1 7 5
40 0 .4 0,247 0 .2 5 9
50 0.5 0,297 0 .3 0 9
60 0 .6 0,388 0 .3 6 8
70 0 .7 0 ,4 46 0 ,4 26
00 0 .8 O.5IG 0.487
90 0.9 0 .5 6 0 0 ,5 55
100 1 .0 0*610 0 .6 5 0
110 1 ,1 0.686 0.680
120 1 ,2 0.755 0 .7 4 1
140 1 .4 0.073 0.859
160 1 .6 0.987 1 .0 0
c%»%Ë?a#ca#,-wM#nm f Vut», ■>i <#r*>’#i»,>^ i
E olatlo îxsh ip  between u r in e  haomoglohin c o n c en tra tio n  and o p t ic a l  
d e n s ity  a t  54^ ma a f t e r  a d d it io n  o f  h raM dn’s  s o lu t io n ,  u s in g  
pooled normal u r in e  a s  blank# %.e r e s u l t s  shoim were ob ta ined  
a f t e r  th e  a d d itio n  o f vn t^ ing  amounts o f xvhole b lood , haemo- 
g loM n co n c en tra tio n  10 #n,/lOO m).#, to  a  co n cen tra ted  u rin e  
(u rin e  1 ,  s p e c if ic  g ra v ity . 10^8) and a  d i lu t e  u r in e  (w in e  2 , 
s p e c if ic  g ra v ity  lO lo)*  flie  u r in e  specimens were px'epared as 
d esc rib ed  i n  ch a p te r  10# lii© r é s u l t é  a re  d isp lay ed  g ra p h ic a lly  
i n  f ig w o  19#
ü^abio 48# prostaW atOjay s e r ie s .,  e e n tro l
p a t ie n ts  3 w in e  Tolimes#
te ln e  ?otem ea (ml#/24 homza)
F a tle n t
A m ber Bay of 0bs©rratiO3x#


























































1410 2390 5450 8880 1440
Shorn a re  d a i ly  volumes o f xnina and i r r i g a t t o i  f lu id  fo r  
each p a tie n t#
Table 49# Transurethral pros taie et ûray series, EAGA 
treated patientai urine volumes#
Brine volumes (ml#/24 hours) 
taber^ Observation
Preop, 1 2 3 4 5
2 2750 2130 1730 1240 I 860 2120
é 1720 4890 5300 3600 2900 2480
10 1800 1760 1800 2540 1380
12 2330 1050 2150 3260 2210 1930
13 i 960 715 3550 3700 1930 2960
14 1560 780 620 960 1120 800
15 1280 1140 640 1330 1950 2210
20 1870 2810 3220 2850 2160 2310
21 1100 6210 2900 3100 2670 1110
22 2890 1910 6220 1930 2270 3640
23 1220 1790 1200 1390 I 56O
25 1540 1970 2290 1970 1880 1760
28 1360 2270 2010 1660 1310 1550
Shovfti are daily volume of urine (and irrigation fluid) 
for each patient#
l u
A ooatro l p a tien te  i areaa o f
{/t>#
.fa tio a t
M oa o f (mm ) Im p la te  t e a t
# ^ L 'ê f  # a e n ra tl0 %





>1 (2 ) 1 4 4 ( 3 )  1 #  (4)





810  (6 5 )
299 (70)
210 (77)
225 ( 104) 204  ( 105 )




272 (71) 306 ( 72 )




234  ( 24 )




235 ( 1 5 ) 336 (j
376 (85)
216 ( 2 6 )
188 (57) 192 (38)
156 (68)
380 (74) 
176  (81) 52 (I
256 (108) 196 (1 (9 ) 
383 (118)
210 (1 1 9 ) 204  (120) 209 (121)
rii .* : 'KUWHW'ftJf i i ;  I f f ' .  ||< ■ (||I.4*::'| H(r.i»<il|';i1.r Vii'TTT^ijiMir iTl-'"#-#;MTrrihirrw&Ti«rn*rriiif-TiK—Tr-,-y-^-Wi'i,ryi # T':jn'np '"'W'^#V;;[tri^'*ri,n4T;-'TwTiiY3M'TlnTmrif^MmTTf
Bliom fo$» m oh  p a t ie n t  am  a reaa  of I ^ s i s  in  the  f i b r i n  pllate t e a t  f o r  
n ro M m ae o o n o en tm tio n  i n  aw oeeaiw# 24 hcnar m in e  e o lle o t i e n s • 9&e
re fe re m e  mmlaer o f  th e  e tm iâarâ  m oklm w e ê iin tlo m  omzve (from  ta b le  4 6 ) 
r im  w ith  each aaaay i s  a ls o  shoim in  b rackets#
ïa b le  51# f ra n s i ir e th ra l  prostatectoiogr s e r ie s   ^ c o n tro l p a t ie n ts  g a rea s  of 
l y s i s  ±n f i b r i n  p la te  t e s t s  (clialyseCl m in e  samples)*
# m p * M * = * , —y--*— —^^^ ■t -^t‘-n-r-Yr-ir-~rr"fT"iiriTir -^'rrifi ~^irrT#--wTîr--inirtifw-i i^iMri.rt»iiwiTr jr
4 rea  of l y s i s  ;üi f i b r i n  p la te  t e s t
—  — v.— f— -------- '— I  —--------------- "-'T -Y-T-n  T , yiii- -rj-rill ■■mini i i ii‘ nri - im , ,  inim, un ii'iiwii>iiiiiiiÉ»Éi>«iin<lii«iiim
S S ?  ■ ”»  «  .I.»».™ *!».
a ’oop, :l 2 3 4 5
rM TT-yT      — m-TtrîT-;— i—n Mit"TT^irm-mr-Tï-rmmrt—w-Yinr --wn i^Trmt--i#r \mnm mrmm-m-TnrinT-w—^-a-i n nm ##i,# i n #i
9 270  <23 ) 240  ( 2 4 ) 154  (25) 143 ( 26 ) 144  (27) 204 (28)
n 196  (34) 108 ( 5 5 ) 810  ( 3 6 ) 158 (37) 156  (35) 182 (39)
16 196 (59) 130  ( 60 ) 90  (61) 188 (6 2 ) 204  (6 3 ) 132 (64)
17 176  (66) 196 (67) 108 (66) 156  ( 6 9 ) 225 (7 0 )
18 234 ( 71) 182 ( 7 2 ) 504  (73) 315 (74) 866 (75) 294 (76)
19 165 (78) 91 (79) 165 ( 8 0 ) 77 (81) 180 (82) 196 (83)
84 S04  ( 103 ) 117 (105) 188 ( 107 ) 847 (108) 132 (109 ) 180 (110)
26 256 ( 115 ) 852 (116) 899 (117 ) 234 (118 ) 256 ( 119) m
27 216 ( 117 ) 247 (118) 158 ( 119 ) 144 ( 120 ) 117 (121) 247 (122 )
Bkotm f o r  each p a t ie n t  a re  a rea s  of ly s i s  in  th e  f i b r i n  p la te  t e s t  f o r  
nroldjâasfâ co n c en tra tio n  in  su ccessiv e  Ô4  #onr u r in e  co llections^ ; ucine 
samples were d ia ly se d  b e fo re  assay# fh e  re fe ren c e  namher of th e  standaa^d 
u ro k in ase  d i lu t io n  curve (from  ta b le  4 6 ) ru n  w ith  each assay  i s  a ls o  shows, 
in  hraokets*
& b lé  p ro s ta teo to n y  s e r i e s @ M,QA t r e a te d  p a tie n ts»  areae
o f ly s ie  1% film im  p la te  te s ts #
i r e a  o f ly e le  (mm^) 1# f i b r i n  p la te  t e a t  
Nraber'^ oteeOTatiosi
Bzeop# 1 2
iMwaltn»>miM>g.'»wW 'i tt*!a<to^ ft3iiaMfaM^ iBMi\s»mjB<jyyitiri>w<tiiffaiag;^ ;#aaii(flj|ti3yMcaiBv;iiteàj^ ^
3 4 5
a ■ 234 (3) 0 (4) 154 (5) 304 (6) 324 (7) 225 (0)
6 240 (14) 0 (15) 42 (l6) 117 (17) 192 (18) 210(19)
10 336 (27) 0 (28) 182 (29) 285 (30) 46a (31) m
12 210 (37) 0 (38) 0 (39) 110 (40) 234 (41) 252 (42)
15 266 (42) 0 (49) 0 (44) 68 (45) 336 (46) 225 (47)
14 m  (43) 0 (46) 294 (47) 285 (48) 320 (49) 484 (50)
13 265 (52) 0 (59) 256 (54) 285 (55) 270 (56) 144 (57)
ao 304 (79) 0 (80) 104 (81) 216 (82) 285 (83) 304 (84)
21 294 (86) 0 (87) 88 (86) ■183 (89) 210 (90) 330 (91)
22 196 (91) 0 (92) 49 (93) 225 (94) 252 (95) 182 (96)
23 m 0 (98) 104 (99) 272 (100) 283 (101) 336 (102)
85 m (107) 0 (109) 0 (109) 90 (no) 121 (111) 320 (112)
28 266 (123) 0 (124) 0 (125) 225 (126) 234 (127) 310 (128)
Shorn f q r  eaoh p a t ie n t  a re  a re a s  of l y s i s  in  th e  f i b r i n  p la te  t e s t  . 
f o r  u rok inase  o o n o en tm tio n  in  suoceasive 24 # # #  u rin e  c o lle c tio n s#  
file r e f e m ic e  number o f th e  u ro k in ase  d i lu t io n  ouw e (from ta b le  4^) 
ru n  w ith  each assay  i s  a ls o  shown i n  'brackets#
fa b io  55# frm iB u re th ra l p rc s ta te o to n y  t r e a te d  p a t ie n ta i '
a re a s  o f  ly e is  i n  f i b r i n  -plate..t e s t a . (d ia ly eed  u r in e  sam ples).
iBatient
lumber
Area o f ly s ia  (ma^) i n  f i b r i n  p la te  t o s t
eçétfli^ #à!A4»e£tt<ia^ .‘«sï:fjfî:h-SLTiyxtftïs^ T75p'jÉ»sr,wÂ'-f«^ :al^
Pay of o b se rv a tio n
B^eop# 1 2 p 4 5
s 156 (4) 192 (5) 225 (6) 225 (7) 210 (8) 196 (9)
6 180 (15) 70 (16) 80 (17) 132 (18) 165 (19) 180(20)
16 256 <28) 240 (29) 294 (30) 240 (31) 324 (32) e
12 165 (38) 294 (39) 154 (40) 14/|. (41) 196 (42) 196 (43)
15 810 (43) 272 (44) 150 (45) 154 (46) 247 (47) 144 (48)
14 169 (46) 306 (47) 2S6 (48) 204 (49) 285 (50) 396 (51)
15 272 (53) ao (54) 315 (55) 225 (36) 121 (57) 156 (58)
20 255 (80) 154 (81) 165 (82) 156 (83) 252 (84) 285 (85)
21 225 (87) 56 (88) 154 (89) 117 (90) 144 (91) 272 (92)
22 176 (92) 234 (93) 56 (94) 144 (95) 196 (96) 144 (97)
23 *«■ 176 (99) 165 (100) 247 (101) 266 (102) 266 (103)
25 252 (1(B) 144 (109) 182 (110) 152 (111) 225 (112) 234 (113)
28 272 (184) 195 (125) 196 (126) 176 (127) 196 (188) 247 (129)
lflrt«çaSto»ll(E!lfiMfKMIBiM<eai^ tMinæ;i(n(5ïSaj«;Wiïtt«^ Sî.Saiaf^ jaàf'iX?Mteï^ ^
Shorn f o r  each p a t ie n t  a re  a rea s  o f l y s i s  in  th e  f i b r i n  p la te  t e s t  f o r  
ueolcim ae o o n ee n tra tio n  in  suooosalTe 24 h o w  u r in e  o o lle o tio m #  ÏÏrine 
sample® wore d ia ly sed  b efo re  a ssay , i t e  re fe re n c e  number o f  th e  standard  
u ro k in ase  d i lu t io n  curve (from  ta b le  4 6 ) %w  w ith  eaoh a s sa y  i s  a lso  shorn 
in  b rackets#
febXe 34 .^ to m s w e th r a l  pci^ostateotoiiy series®  c e n tr e l  p a t ie n ts s  
iîx»okiï3p.0e oenoem tratlom  «
*:ÉrL=Jrd£:r.tîav‘.îùil|h!k,->:1Vff^ .'*^ '#7y'y«Sï^ -ïtmwvV*«lilTA#Rl*^
’tXrokime© o o n o en tra tio n  (imits/Bü.*),.















26 2 6 .0
27 28.0
teL.aw .»>Am>u#i-,y5:iia&l>]3J nms.vj
1 2 3 4 3
22.1 9*2 18*6 *
14.7 84.2 6 .7 7 .0 11.6
25.6 37.9 18.3 18*8 20,5
45.7 30.1 4 9 .0 21,8 44*1
41.2 59 .2 48*4 . 44*6 37.6
28,0 28 .0 21,7 35.2 81.1
34*8 12.8 9 .3 13.1 20.8
6 .0 27.8 10.8 13*3 18*1
10 .0 18.8 23.7 81.7 18*6
l6 .6 22.5 16.3 21.3 21.5
38.7 58.4 44*6 5 0 .0 50.5
7*9 15*2 7 .9 15*7 22.7
18.9 1 9 .6 88.6 20.6 20 .0
45 .5 49 .0 28.1 51.5
36.8 80.3 17.1 19*3 39.5
« i t . . = = r i . n . , . - - - « . . L * ,   - - - -          " " " " T T    j - ' i T T f T r  ' f l  M'C^  Hf I  | ' . l  I T I  I "  H  I '  | Ê  I  ' I F '  [ I  I K W l I f l U l »
BhOîJîx ■ f 03? each p a t ie n t  a re  ttrok ipase co n o e n tra tlo m  in  aucoossive 
hour u r in e  oolXeoticma# (C alou la ted  :ÙM  ta b le  50)*
fa b lo  55* f r a i iB w e t te i l  s e r ie s ^  c o n tro l p a tie n ts»
■tiroidiwo oonoen tra tiona in  d ia ly ’sed  u r in e  .samples*
Wrolclnase o o n o en tm tio n  (m ilto/m l* )
. . Day of oM em ratloa
B?0Op# , 1 '  . 2 ' 3 4 5
9 24.7 20.4 9.? 7 .0 8.6 15.6
1 1 13*0 3 .5 18.4 7 .4 8.2 10.9
16 15,2 6.9 8 ,3 15.3 16.7 12,5
17 #• ll.G 13 .0 9.7 11.2 16.9
18 22.0 21.2 35.8 30.1 37.8 27.4
19 12.0 4 .5 10,9 3.0 ia.8 16,3
84 13.1 6.3 14.7 19 .6 11.1 12.7
26 23 ,0 24.4 29.7 19.2 23.4 m
87 16.8 20.3 8.8 9 .7 13,3 83.9
Shoim f o r  each p a t ie n t  a re  u rok inase  co n o e n tra tlo m  in  éuocesBive 
24 hour u r in e  o o llec tio n n #  u r in e  eamplee %#re cUalysed b efo re  aseay, 
(O alculated. from ta b le  51)#
feblfâ 56# te m a u r e 'to a l  prostatecto:>3§r s e r ie s  ® liOA tr e a te d  
p a tie n ts»  u rok inase  ooncentrations#




1 2 3 4 5
2 19.1 0 10*1 56# 2 35*0 22*3
6 20,0 0 a#o 8*0 15.3 16*3
10 37.5 0 15#4 24*5 59*5
12 3.7 .1 0 0 5*5 20*9 20.2
13 21.6 . 0 0 4*2 26*5 16*2
14 26.5 0 85#4 37*4 47*0 70.5
. 15 32.9 0 28.5 31*4 29.2 22*2
20 28.3 .  0 6#7 17*0 31.x 27*7
21 27,4 . 0 4*4 10*9 14*0 39.2
22 13; 9 0 2*4 16*1 21*9 11.3
m 0 6*7 32.6 30*8 29*4
25 32.4 0 0 5.2 10*1 31.0
28 34.7 0 0 20*2 35*7 26*4
 ------- ---------------------------------- .............................— f -  Y" j r TFTf f  Tflll*' lïim # l llM T i»
Shoim fo r  each p a t ie n t  i s  u rok inase  odncentx^ation in  a'accepsive 
24 hour u r in e  c o llo o tio n s  (G alcu la ted  ts70m ta b le  5 2 )*
fabi©  5?# t e u m i r e t t o a l  p rc a ta te a to a y  aerie®  % BâOâ t r e a te d  
patien t®  g wold-sms© ùom oentratlom  ira d la ly eed  
u rin e  am plee#
Ïï3?0kinase ooncentratien . (im lta/m l#  )
Bzéop# 1 2  3 4 5
2 12.0 13.7 19. a 24,2 81,2 14.8
ë 12.2 3.7 5*1 8.8 12,0 11,2
10 26.1 24.0 29.9 15,4 40 ,0
■ 3.2 $4 25.5 8.7 8,7 12.6 11,7
15 12.0 27.6 6.6 6 .5 18.6 11. S
■ 14 15.f' 29.4 33.2 19.6 24.6 49,4
15 21.8 19.0 38.2 20,0 16.5 11.8
‘ 20 22.3 13.1 10,0 ■11,5 1948 19,5
ai 20.0 3.6 8.4 6,3 8,8 22,9
sa 10,4 ia*9 3.4 9.1 12,2 7,8
■ 83 ». 15.9 13.5 2.3 ,1 20.0 23,7
as 20,2 12.5 13.1 , 11,8 15,8 19,2
28 22.9 12,4 16,8 . 80.9 23.6 19.3
8h(mn f o r  each p a t ie n t  l a  u ro k im ae  oo iioon tra tion  in  am p # ® lv e  
24 u r lm  o o l le è t lo m ;  u r in e  màmplee were d ia ly ee d  b e fo re
assay# (G alciÜ ated from  ta b le  53)#
fe b le  58# tran su reth ral prestateotony s e r ie s , con tro l p atien ts»
d a ily  ’urokinaoo a o tiv ity *
3)aily u rok inase  a o t iv l ty  (‘an.lta x  10"^) 
tou'ber Day o f o b se rv a tio n
B:eop* 1 2 5 4 5
aK3Lvr«3«r*«iwta
1 26.26 2 5 .6 4 2 3 .0 0 28.64 «#
3 21.90 1 7 .2 0 1 9 .3 6 1 5 .5 4 2 3 .1 0 23.78
4 40.26 4 9 .9 2 39.80 4 0 .2 6 44.37 4 4 .4 9
5 72.00 76.15 6 5 .9 2 5 3 .9 0 4 2 .5 1 51.60
7 71.53 8 8 .5 0 7 1 .6 3 95.83 71.81 6 6 .55
8 46.22 4 7 .6 0 4 8 .7 2 5 2 .5 1 4 0 ,1 3 4 4 .9 4
9 55*21 58.81 4 6 .2 1 4 0 .9 2 44.54 4 5 .7 6
XI 35*24 2 9 .2 8 38.64 31 . 3s 4 2 .5 6 33.28
16 80.25 3 6 .2 0 2 9 .7 0 4 2 .9 0 37.32 3 7 .0 1
17 ff 3 5 .8 6 47.25 27 .55 4 1 .9 6 3 6 .7 7
18 7 0 .2 0 6 3 .1 1 9 4 .6 1 6 4 .2 2 78.00 6 9 .1 9
19 39.06 3 4 .7 6 3 2 .2 2 3 0 .1 0 33.44- 36.55
24 4 2 .2 1 4 4 .6 3 4 3 .3 2 4 7 .7 6 3 9 .5 5 3 7 .2 0
26 43.42 4 5 .9 6 6 1 .7 4 3 9 .6 2 47*38 m
27 52.08 51.89 48.52 5 9 .0 0 54.43 5 6 .8 8
Ifean 46.1 4 7 .2 4 7 .4 44.7  ■ 45 .8 44-.9
B*:o* «16.4 - 1 9 .2 % . 7 % . 3 ■«1 4 .3 i l 3 .2
ShOTO f o r  each patie ,n t a re  u rok inase  a o tiv lt le B  in  s iiaceee ire  24 horn? 
w in e  oolloG tione* (Data oalou^a.ted from table® 48 and 54)* Meaai 
v a lu es  and staMa3?cl d e v ia tio n s  a re  a ls o  shotm*
fable 59# fmma^etWaX proetaWatdmy aeries, control patienta $
daily urokinase activity after âlaiyala#
D aily  w oicinaae a c t iv i ty  ( im ita  % 10^)
% b e r '  o b se rv a tio n
ïTeop* 1 â 3 4 5
9 33.10 34.48 2 9 ,3 9 3 0 ,0 0 2 9 .2 4 5 4 .3 2
11 83.14 17,08 25.58 2 1 ,4 6 2 6 .2 4 5 0 ,0 0
16 2 1 ,5 0 24.98 19.26 2 7 .6 9 28.72 2 4 ,8 8
17 m 25.49 2 7 ,3 0 16.39 28,06 2 8 .9 0
18 49.50 40.92 57.97 4 3 .3 4 58.97 3 7 .5 4
19 22.32 19.80 2 2 .9 0 1 9 .0 5 2 7 .2 6 2 6 .2 4
24 28.95 21.80 32.49 5 2 .7 3 2 1 .3 1 83.62
26 38.41 2 4 .6 4 3 7 .4 2 2 7 .0 7 2 1 .5 3
27 31.25 28.02■ lf*^  i-iiW iMfc ■iMijnifM [■■III I"#*#*ui II « i , ' \ f  rrr;iT#'"HÈ"''rTiri 2 1 .0 3  33,47 3 7 .5 1  3 4 .4 2r ca»k: M#D##— .’j«VL . W
le a n  g l .  G 86 .4 3 0 .4 88.0 3 0 .3 3 0 ,0
S.B . ïg .g  ± 7 .4  ±11.8 ±8,3 ±1 1 .9  Î 3 .3
Shown f o r  eaeh p a t ie n t  a re  w ok iiiaae  a c t i v i t i e s  i n  euocesslve 
24 h o w  u r in e  c o l le c t io n #  w i n  sampler were d ia ly se d  befo re  
assey# (Data c a lc u la te d  from ta b le s  4&:.and 53)# ’ le a n  v a lu es  ai 
s tan d ard  d é v ia tio n s  a r e  a ls o  shorn#
f a b le  6 0$ fraBD w etbraX  eerie® , BA04 t r e a te d  p a t ie n te  :
d a i ly  uroîrXsïaee a c t iv i ty *
B a tie n t
Mmiber
D aily  Ih'olclmee a c t iv i ty  (u n ite  sc 10^)
Bajr Of oBsewatiosi
Breog. 1 2
2 5 2 .5 3 0 17*47
6 3 4 .4 0 0 10*60
10 67*50 0 2 7 .7 2
12 0 0
13' 42#M 0 0
14 41#54 ■ . 0 1 5 .7 5
15 42*11 0 , 10*24
20 3 5 .5 0 0 21#57
21 30*14 0 . 12.82
22 4 0 .1 7 0 . 1 4 .9 5
25 0 12*00
25 49*90 0 0
26 47*15 0 0
i f r a i ^ ' T —-i*** ^  #1 W TitrunT>i' it w.méi rinii • ir.h Wi.‘*j r w ■’iiTimr un  i#n r*i w rxtfi imiWhim* r« r
Mean 45*1 0 11*6





















5 1 .6 8
5 2 ,6 4






4 6 ,7 7
50.9
15.3
4 7 .2 0




5 6 .4 0
4 9 .0 6
6 3 .9 9  
43.51 
4 1 .1 3
4 5 .0 6
53.97




a#* Will** tWHHf i
^hovm f o r  each p a t ie n t  a re  woldLnaee a c t iv i t lo e  in  euoceeelve 24 hour 
io?ine co lleo tio n e* . (D ata c a lc u la te d  from table® 49 mid 56# ) Mean 
value® and standard  d ev ia tio n e  a re  a ls o  shown*
fa b le  61# fm n m ire tb ra l  p ro s ta te e to n y  s e r i e s , MCA t r e a te d  p a tie n ts»  
d a i ly  w oldlnase a c t iv i ty  a f t e r  d ia ly a ia#
Dai'Jÿ* tw o M » se  aottbillgr ( im its  % 10 ) 
S^aBer^ oîjsoiw fcioa
■  ^ Breop* X 2 3 4 5 .
2 35.48 ' 29.10 33.22 30,01 39.43 ' 31.38
6 20,98 18,10 . 27.03 29.52 34.80 27.7a
10 46.9a 42,24 46.68 39.12 55*80
12 82,60 , 26.78 18.71 28.96 27.85 22,58
15 , 25.88 . 19.75 83.43 24.05 36.27 33.15
14 23.87 22.95 80.58 18.82 27.55 39.52
15 27.90 21.66 24.40 26.60 31.05 26.08
20 , 41.70 36*81 , 34.13 32.78 42.77 45.(5
81 82,00 82*36 24,36 20.15 23.50 25.42
22 30,05 84.64 81.15 17.56 27,69 26.81
23 . # . 19.32 24.12 27.72 87,80 36.97
25 31.11 24.63 30.00 , 23.25 29.70 33.79
28 31.14 28.15 33.77 94.69 30.92 29,92
ISem. ■ 20.9 85,9 27 .8  27*1 33.5  : 31,5
S.Ï). ±8,1 ± 7 .0  ±7.7 ±6.3 ±6*5 ±6.6
Bhoim f o r  each p a t ie n t  a re  wolcaxase a o t iv i t l e s  i n  auoceeBivG 24 hour 
u r in e  c o lle c tio n s#  w in e  sam ples were d ia ly so d  b e fo re  assay# (D ata 
caleula-tecl :^?ora ta b le s  49 and 8?)# Mean v a lu es and s tan d ard  d e v ia tio n s  
a re  a ls o  shown#
Sable 62, f ra n a u re th ra l, p r c s ta tc c to s y  çerie®  ® c o n tro l p a t ie n ts  s 
w inex^ ' haoBioglo'bin concen tration*
#i':,l ' # wiili# > *."üËw*%#;i:r>3m#iFa3#!M#.'WkK,,r3ezwai:j^0m
Imemogloblm ù o m en tm tlo n
*J A *1^ -tJsiwiflwnJ!gPtfe:i<t^rK333Ctaiff=cMttraMi^ a^a.i<ègajp=Mq*^^
lumber Bay o f  O iîserraU on
1 2 . "5 A> 5
1 2 ,6 0 0  (a ) 0 ,2 5 1 0*300 m #
3 5,856 (o ) 4 ,5 0 4  (b) 0 ,4 46 0*177 0,280
4 l.CÇO 0 ,4 6 0 0 0 0
5 1,932 (à ) 0,885 0 .4 5 0 0*134 0 ,1 2 6
1 0,614 1 ,980 O.7 0 8 0 .3 3 5 0* 041
B 1,800 (a ) 0.552 0 ,1 29 0 0.084
9 1 ,4 2 0  (a ) 0 .403 0,100 0 0
11 3.388 (b ) 1 .4 0 1 0 .5 0 0 0 .3 95 0 .3 6 9
16 1 ,830  (a ) 0.868 0 .8 07 0 .3 1 7 0.126
1? 3.180 (b ) 0 ,5 0 0 0 .6 45 0.288 0 .0 3 6
18 l .% 8 0.183 0 .037 0 0
19 3 ,6 9 2  (b ) 11.16 (d ) 1 ,3 9 6 0*126 0 .0 4 7
24 0 .5 6 5 0,282 0 0 0
26 1 .0 3 4  (a ) 6*629 0.086 0*303 M
27 4 .0 0 0  (b ) 0 .5 3 1 0 ,157 0.199 0 .0 3 0
Stiomi l e  flal'iy iirlî%%r haemogloMai oonessïfeation,
( a )  D i l u t e â  1  i  1  b e f o r e  a s s a a r
( h )  B i l u f e d  1  #  3  "  "
( e )  B i l u t e â  1  s  î  "  "
( d )  B i i & ' d  1 , 9  "  "
f a b le  63* f ra n e w e tW a l .series^  M0A t r e a te d  p a t ie n te ,»
W lm ry  haemoglobin ooxioontration#
D atieiit
EW rnr





















0.449 0*415 0*181 OaglX
0*6# 0*230 0 0
0.510 0*OgO *#
1*802 (a)) 0 0 " 0
0 0 Q 0
0,037 0*627 0*577 0.051
Q.. '(pWi 0 0 ' 0
0 b 0 ’ 0










04#ggg 0*155 0 '■ 0
Show i s  to i ly  vsixjeesy bassftogloMsx ôoatjbatrattoîi.
B iln te d  1 8 1 b e fo re  a s s ^ ,
fable 64* fransiTOfteal prostatectosy ewles® control patients?
pùàt^operative urinary haemoglobin lose*
P a tie n t
Blood lo s s  (#(* Imemoglobin)
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irr 1 iim ii*iiiTinniiir>r'T>~T-ti-^ rt - wiiNiTAi-rfw ii'# • Tivmny im i*"tiT~-inï ' t' liïifiTii-rTi''-rr-'rr— ''T'" ‘ ir-Tr^v r ' " " '  r- -■■i- rw r-m —i'Trirnf“ T^i-^ n-‘"ifnim' iii'irii' 'T'iiti
Bltom  if3 d a i ly  w i î îw y  haemoglobin lo s s  and. t o t a l  lo s s  f o r  eaoh 
p a t ie n t  f o r  th e  5 day./period o f observation* Mean v a lu es  and 
s tan d ard  d e v ia tio n s  a re  a ls o  shown* (Oompiled from ta b le s  40 and
fa b le  65# prostateotcniy se r ie s ,. MMA trea ted  p a tien ta i
p0st*«opsrativ0 w in a ry  liseiiogXobin lose*
Blood lo s e  (gilt haemoglobin)
B a y o f O W e r m tiw
1 2 3 4 5 period
2 1 .7 3 0 0,777 0 . 51a 0,337 0.447 3 . 8O3
6 1 .3 9 4 1*319 0,828 0 0 3*541
10 2 .1 1 0 0*272 0 ,1 52 8,054 ÏV#
18 1 .3 7 1 3*874 0 0 0 3 .2 4 5
13 i i 9 i a 0 0 0 0 ± .9 1 8
34 0 .6 8 7 0 .035 0.602 0 ,4 2 2 0 . 02g 1 .7 7 1
15 0.471 0.025 0 0 0 0 .4 9 6
20 0 ,6 3 2 0 0 0 0 0 ,6 3 2
21 3*602 0*229 0 .3 1 6 0.085 0 .0 4 1 4 .2 7 3
22 0.875 0.373 0 .1 5 6 0*068 0 1.47s
23 0.226 0 . # 0 0 0 0 .2 4 0 0 .5 56
25 1 .0 (9 0 .0 7 3 0 0 0 1*032
28 1 .2 9 4 0.458 0.221 0 0 1 .9 7 3
ffieasa 1*332 0*579 0.214 0 ,0 7 4  0,065 2 .230
ftW*EaBîi»CTà*,èi! s^ww‘*Msa<w»aaa--Æ«gtr*BTO.<.^ at.rt.^ r«asaM!rtra*M*iEtoiiia!yMtasaî.te3JrBataî^
S,P, ±0 ,8 8 8  '± 1 .0 5 9  ±0 .8 7 5  ±0*140  ±0 ,1 3 9  ±1,598
Bhoim i e  d a i ly  m zim ry  haemoglobin lo s s  and t o t a l  lo s s  f o r  each 
p a t ie n t  f o r  th e  5 day p erio d  o f o b se rv a tio n . Mean v a lu es  and 
s tan d ard  d e v ia tio n  a re  a ls o  shorn# (Oomplled from ta b le s  49 and 6 5 )#
0A
fa b le  66. franBum tîîV al p ro a ta te o to sy  s e r ie s  ^  EAGA tr e a te d  %)atieiite ; 
d u p lic a te  f o r  u r iî ia iy  EAGA ooncentration#
ïïr in w y  RAGA co n o en tm tio n s (mg
)?a;tient id'opixoatJe siBsaya,
Day of G baervation 
2 3 4
s»ju»ïr4^ 7ïfÉ*;5îtSi!ïa!tsru4«^ n3)r^ S(ÏETiSS'JwtA UP v4*fcTi»f
2 2 ,7 0 , 2 ,1 4 0.724-, 0 .6 2 0 0 ,0 8 6 , 0*054 0 , 015 ,  0*009
6 1 ,1 0 , 0.790 0 ,4 4 3 , 0 .3 59 0 ,0 0 2 , 0,008 0 0
10 3.6.0, 3.07 1*01, 0.611 0*090 , 0 .05? 0 0
12 4 ,8 2 , 4 .39 0 .4 8 0 , 0,443 .0*187, 0,186 0 0
13 7 .2 9 , 5 .29 0 . 4 0 2 , 0*378 0, 1 3 0 , 0 ,13 9 0 0
14 8 .3 9 , 6.17 2 .1 0 , 2*91 0 0 0 0
15 5 .1 5 , 3.75 2 .7 1 , 1*85 0 , 026 , 0,020 0 0
20 2 .2 5 , 1 .79 0 . 5 0 1 , 0 .3 1 9 0*016, 0 .0 0 6 0 0
21 0 .9 8 0 , 0.695 0. 5 2 3 , 0 ,5 25 0 0 0 0
22 2 .3 9 , 2.15 0 ,320 , 0*282 0* 024 , 0*017 0 0
23 4*44 V 3.68 0 .2 8 1 , 0,219 0*08?, 0.062 0 0
25 1 .5 8 , 1.18 0 . 91g , 0 .5 9 1 0 . 5 6 4 , 0 ,4 4 2 0 *299 ,  0 ,25 6
28 2,410 1 .88 0*5 9 0 , 0*370 0.290 , 0 .2 7 0 0 . 0 4 5 , 0*031
 —^ —,— -----------------------        'f-----1 1----Y-T ' --- ----- ---- '-rriUfWHlr "n
^hown Bxo d u p lic a te  aasay  v a lu es f o r  E4GA in  u r in e  on suogeesive day® 
a f t e r  operatioai. Mean v a lu es c a lc u la te d  from th e se  d u p lic a te  assays 
a re  shown in  ta b le  67.
fabX0 -67 • $m?lee » IMOA
traatecl, p a t ie n ta i  w im a^r M 0 A  oeneen-*- 
tm tie n a *
irtiip^ “'rftT'<<i''ii> nm iomi.ip 1 '(%iii'iK 'mini|i: r*T'iT4rTr-Tr-#iTTinf-' Tn-m'iirn"'' r  TnnrriT
Mem M.Wà. o o aaeen te tien  )
iiTai»L»5î9ciiw<iteciyixtjsiiiï*?#iaisâit<’ûïa9A-r,iH,'SrjJT;*iKiss5^toSS?  ^ o b sec ra tio n
1 2  3 4
g 2 , 4 g 0 ,6 7 2 O.OfO 0#01%
6 0 .9 45 0 ,4 0 1 0.055 0
10 3 .3 4 0.810 0 ,0 7 9 0
12 4 .6 1 0.462 0.187 a
13 6 .2 9 0 .3 9 0 0 .1 35 Ô
14 7.28 2,51 0 0
15 4 .4 5 2,28 0 .0 23 0
20 2,02 0 ,4 1 0 0.011 ô
81 0,-848 0 .5 2 4 0 0
22 2,26 0 ,3 0 1 0.021 0
23 4 .0 6 0 ,2 5 0 . 0.075 0
25 1.38 0,752 0 ,4 93 0.&78
28 8 .1 5 0,480 0,280 Ô#038
ïfesa 3 .8  0,79 0,11 0,025
8,## & .0 -0 .73 ü i4 m
8hoim a re  mean n r lm r y  BAOA aonoentratioBB f o r  anoaeaelve 
days a f t e r  s ia r ^ i^  o a io a ia te d  from th e  dup&loate assay
TOliîes o f  ta b le  66#
f a b le  68# g ro e ta teo to g y  e o r io s t  BAOA
tr e a te d  p a t ie n ts  à mziBtmy ]340â m o ia ritio s#
l& lnary  BàOA o o n o én tra tio n  (M olar)
P a tie n t
to ih e r D #' o f o b se rv a tio n
I 8 5 4
2 l,8 z lc F ^ 5 , 12:10*^ 5.53ao”4 Oàgzicr^
6 %2xl<f'^ 3 , 1x10*'^ 4,2% icr4 0
10 a,53do*^ 6 . 8x10"^ g.OBd.O"' '^ 0
12 g.gg lcfB 3 , 5arlO"^ 1.4x10"^ 0
15 4,0363.0**® g^CWlcT^ l.QxlO'"'^ 0
u 5 , 6%10~® l.gxlcT® 0 0
15 5*4»10'*® 1.7x10”® 3..83aO**4 0
20 l.GalcT® 3,1x10*^ 0.8x10“ '^ 0
21 6«4%lcr3 4,,Ck3.0*'’ 0,5x10*4 0
22 l.TsiO*® 2.3xlO"5 l,6 r lO ”4 0
25 gmlaOif® 1.950,0"^ S.TxlO-^ 0
25 a.i3E3.o**® 5,7%10r^ P ,8 sl0 "^ 2.&%icr^
,20 1.6x10"® 3.7x10*^ a .is a o ”^ 2.9% icr4
F«!3aiTCSJtJ!pP*;.-iSJttp^Æ»¥ïia!P«Wtà',aïc4vîï-»»lW^«TlîSateim!TJi>iItiHIKi
Mean g .5 -l* 5 6 . 0 : 5 .5 8 . 4: 1 0 .8
l,9%&0r4
t  0 J i , .10"® . 2rao*“^ xlO*4
ShOTO a re  ta? im ry  IW'A m olarities,^ , o a lc a la to d  from  ta h lo  6 7 * 
f o r  eaoh o f the  f i r s t  4 days af*ter o p e ra tim #  Mean tB liies 
and s tan d a rd  d e v ia tio n s  Êirë a ls o  ohomi#
fa b le  69« fransaretlu^al prostateetomy s e r ie s ,  lïlâOA treated
patientas tir itery  3M0A content#
b r i m r y  %0A con ten t (ép#)
ti i  Cf,  ^ ‘
Wm#er Day of obserTO/feien tPotal,1 2  3
i#»Pi«t<?3tî^-r6rïWT%'=îï:siA-tjft?ir»A'W.urJw«vW,‘i*Lîi:#îeieiirasrttssçî*rf.7tShCe»V'^VUaiJ»^i^^
4 Days 1#"4
1! :VW#aiveraf* cî>*îV*iï^ »*-t ïisViCitÆlaSïTJaiiîfrteM
2 5.155 1.165 0,087 0*022 6,427
6 4.621 8.125 0,198 0 6.944
10 5.878 1.458 0,201 0 7.537
12 4,841 0.993 0,610 0 6.444
1 3 4*497 1.385 0.500 0 6.382
14 5.676 1.556 0 0 7,232
15 5,073 1.459 0.031 0 6.563
20 5.732 1.320 0.031 0 7.093
21 5.227 1.519 0 0 6,746
22 4.317 1,872 0.041 ô 6.230
23 4 .960 0,44.8 0,090 0 5.498
25 2.719 1.782 0.971 0.925 5.935
28 4.881
trvrmi# ■— r  rni-#! Tfa-wr ^ - iin —f—n'ur'hw r *» - *iK - i f  fiir M m  ,
0.965 0.465 0.050 6,361
Mean 4,889 1.577 0.24.8 0.046 6.567
S.B. 0*809 0.456 -0.300 m ÎO.553
Bhomx i s  u rinary  MAOA content fo r  each of the f i r s t  4 days a f te r  
operation , and the to ta l  m ount of MAQA recovered in  the urine 
over th is  4 day period* Mesu values and standard déviations 
are  also  shown# (Calculated from tab le s  43 and 6?)#
f a b le  70* f ra m m re th ra l  p r o a ta te c te iy  a e r i e s ,  BACA 
t r e a te d  p a t ie n te  $ e m u la t iv e  recovery  Qf 
BâCâ In  w l m #
P a t ie n t
Bumber
Oumulative percentage recovery  o f  











































































Shoirn fo r  each p a tien t ia  cumulative percentage recovery 
o f the 8 #n* dase on succeecive days a f te r  operation* 
Mean values and standard deviations are a lec  show*
Table 71# Transurethral prostatectomy series,.EAGA 
treated patientsi inhibition of urokinase 
activity calculated from pro^operativo 
levels#
Inhibition of urokinase activity (units/ml#) 





.....2 _ .-.-..3 ....... -.....
2 24.7 + 20.3 6 .2 0
6 7*0 + 4 .5 1 .6 0
10 38.4 +' 22.1 2 .1 0
12 57*9 + 18.5 + 6 .7 0
15 59.2 + 11.9 + 7.2 0
14 55.0 + 41.5 5.7 0
.15 36.9 + 37.3 0.3 0
20 19.0 + 9 .9 1 .7 0
21 4 .9 + 6.0 0 0
22 21#0 + 4 .1 4 .7 0
23 X 57.6 + 18.9 5 .6 2#2
25 25.5 + 21.8 + 20.1 16*4
28 20# 8 + 2 3 .5 + 8 ,2 2#9
Mean 29.7 18.5 5 .4 1.7
B.D# Î16.1 ±11.6 Î5.2
Shown is daily inhibition of urokinase activity, on 
successive days after operation, calculated from pre­
operative urokinase levels#
X Calculated from urokinase activity on the 5th post­
operative day#
4* Urokinase a c t iv ity  com pletely inhibited#
Table Traaasure'îîbreaX prostateo'boïïy MAOA
tre a te d  patien tes in h ib itio n  of urolilm ee 
















In h ib itio n  of nroldnaeo aotiviity (nnltÿïml,# 
3)ây of observation.#
























































14.6 3 .3 1 .1
»7*o —4*0 —
Bhoim le  d a ily  in h ib itio n  of m'oMnaeo ac tiv ity ^  ùn ouocesBive 
daje a f te r  operation j, calouJLated from a c tiv i ty  eeea a f te r  d ia ­
ly s is  (mean lo ss  of a c tiv i ty  due to  d ia ly s is  was 55 per cent; 
80 in h ib itio n  of a c tiv i ty  due to  BAOA » ^  as a c tiv i ty  a f te r  
d ia ly sis)#  ^
4 IfroMiiaso a c t iv ity  com pletely inh ib ited ,
Table 73» T m m urethral proatatootoiay s e r ie s ,  B.M)A trea ted  
XJatientB» mean i # l b l t l o n  of urokinase a o tiv iiy  
ca lcu la ted  from preopem tlve lev e ls  and ao tlv l'iy  
a^ te r d ialysis*
In h ib itio n  of urokinase a c tiv ity  (tmita/mX*)
V' Mean va],ues eeloulated  from a e tiv i ty  aCter
m Lber" 1)^ pf # 8 0 w a tlo n
a 2S.9  4 19.9 5*6 0
6 6 .4  4 5 .2  0.0 o'
10 37.7 4 23.3 1.1 0
12 . 38*6 4 16*2 4: 7.5 0
13 50*8 4 11*1 4 6.5 0
14 49*1 4 33.5 2.9 0
15 33.1 4 23*7 0.2 0
20 19.6 4 9*8 . 1.2 0
2 1  5*2 4  7 . 2  , 0  0
22 20.5 4 3*5 2.4 0
33 31.0 4 16.5 . 4.3 1.1
25 22.3 4 21.0 4 16.6 15*3
20 20.0  4 24.7  4 10.1  , l . «
27.5 16.6 4.4 1.4
S.B* ±14*3 -8.9 4*8
Shown i s  moan d a ily  in h ib itio n  of uroîçiriase a c t iv i iy  on 
successive doys afte:c therapy calculaW d f i’om prooperation 
lev e ls  ( tab le  7I )  and a c tiv i ty  a f te r  dleOysls ( ta b le  7^)* 
The mean values in  tab le  7I  do not d if fe r  s ig n if ic a n tly  
from those in  tab le  7% fo r  days 1 , 2 and respective  
values are 0*77^ $ 0*904 &nd 1 . 047» and p values are  a l l  
g rea te r tlmn 0*4#
•f Urokinase a c t iv i ty  com pletely inhibited*
Table 74* E ffect of normal urine on the 'hlwOiâylîi c lo ttin g  
friïue of plasnia.
‘immiMUMii»!! m Ii n  M ii~*mnni ï i  # if, Tun* i r u i r u r  ■r^irmTi'i^rf‘Ti"~r*rrf" n ^ iT T y ifn— rrr-i>*fT|i"-n^iri rn iw  rr— f - r —-v T ^ r r  rr-m 'i'm r-^  —r i- f - r r - - T ^ ^ r - n  i r —mr'im— i-nii
eiot-fcing ■b-tees (0ecow3.s) -
Before dialysis .After dialysis
1 16,0, 16,5 13.5, 13.5
g 17.0, 17.5 14,0 , 14.5
3 14.5, 15.0 13.5 , 14 .0
4 30.5, 3 2 .0 15,0, 15.5
5 26.0 , 27.0 14.0 , 14.5
6 ■ 18.0, 10.5 15.5 , 15.5
7 14.0, 14.5 13.5, 13.5
8 15.0, 15.5 13.0 , 13.5
9 21.0, 22.0 13.0 , 1 3 ,0
10 17.5, 10.0 14.0 , 14-.5
11 19.0 , 20.0 14.5 , 15.5
12 16,0 , 17.0 14.5 , 14.5
13 ■ 18.5, 19.5 13.0 , 13.5
14 21,0, 82,0 13.5 , 13.5
15 22,0, 23,0 13.0 , 14..0
1 III w 'liiiiÉ ■ 1 II'»mill*< i A' i* ' 'Irti ' i> i iwiHfc i aiinM~ii i l w i n i i à i imsnhi m "ff" ini i i "  'ml, ' lin iiy in* mii ' n' iri n r t i  i li # ' i # '  3'n 'h i  tii iii i i ii iiii im *  un ti— ihw  im lin ■ -iTT—m
ïfeaii 19.47 14.02
BtaMard Boviatloa ^4*0 -0.75&
Sa3.iiie ooBtrol 13,5,14*0 14,0,14.0
Effect of wine from normal subjects in imreasi^og the 
tîxcombin clottin^^ time of norml plasma* The clotting 
time, on addition of thx-ombin, of a standard plaema, 
mjxed 1 t 1 vdth wine from each edbjeot, is shown# 
Duplicate aseays were made before and after dialysis of 
the wine samples* Mean values ^ standwd devia,tions, 
and clotti?3g times when saline was substituted for urine, 
8570 also shown*
Table 75» Traiismreitoal prostateatojûy se rie s  ^  contrcol 
p a tien ta i e f fe c t of w inee on the thrombin 
c lo tt in g  time of plasma*
Win r i ilMHH*' m *#iwr^mT(TiTr,#T«f r n f  1 w r««TTf<i;'^ ,T # !W ^ ii* -n;l--#*i7TÉ*inrrr r^  ^T#M-T-r#-w#i*mri -^-r,rw'mfrin^T#Ti#'ri#-Tr'm7,YTi—r—m r- r f i r r rp -i omarfma
1 19,0, 19.5 13 ,5 , 14,0
3 18*0, 18.5 14.0, 34.5
4 16 .5 , 17,0  14 .6 , 14.5
5 10. 0 ,  18.5 13 ,5 , 14*0
7 17. 0 , 16.0  1 3 .5 ,1 3 .5
8 1 7 .5 ,1 7 .0  1 4 .0 ,1 4 .0
9 , 14. 0 , 15*0 14. 0 , I 4..5
11 14 .0 , 14.5 13. 5 , 14.5
16 13,0 , 14 .0 13.5, 14 .0
17 14 .5 , 15.5 13. 0 , 14.0
18 15. 0 , 15.5 14. 0 , 14.5
19 15. 0 , IS.O 1 5 .0 , 15*0
84 14. 0,  14.0  13. 0 , 13.5
S6 22.0 , 23.0  13. 5 ,  14..5
27 14.0, 14,3 13.5 , 13.5
Itomi 16*35 15.93
" rrfT T T iir '  i  - n n  — " ~ T r ^ — - 171"  r  -Tr'Tir -rr ~ n  ir r i  r  ' f  T r i n  i< n ir — -- - - i r r t i  • ~ ~ I'l ir -|iii f 71 nWi ~i 1 iiiimii 1 i%ii i |in ip 1 pi j i  i W;;#  #* iiii
S.D, ±2,45 ±0.443
T 'H IT f  rr I* ■'‘rr“ “ *-'T- r  —y r i ' — r-T fiT rr-^^ -T -7 Tr' r  r - n - n t - ' - f    r — r ifirTp‘-ffnrn--in—K ri*- -uf r r  r  --rmT-nTr-^tnitfcr-'n i iy - im  111 ••w.i'iHl n 11 m wii» . 'wriH' 1 Q
Saline con tro l 13*5.» 14#0 14#0» 14#0
E ffect of w in e  ( f i r s t  post-operative day) in  increasing  the 
thrombin olottiiig , time of normal ^plasaia# The c lo tt in g  time on 
.ad iitio n  of thrombin^ of a  standaM  plasma mixed 1, g 1 with 
ixeine from each p a tien t i s  shown. Duplicate assays were a^ ado 
before and a f te r  d ia ly s is  of the urine samples. Mean values, 
standard d ev ia tions, and c3.otting times when sa lin e  was sub­
s t i tu te d  fo r  u r in é , are a lso  shô?m#
f a b le  76* fra ïi0 in ?e tto l .  p ro s ta te o to sy  w i e . s $  BABA
. . t r e a t e d  p a t ie n t s  i; e f f e c t  o^ f  w i n e  b ù i i  the
, tbrombizi d o t t i n g  t # e  o f  plasma*.
fet-îsa-b îtolsP» OlottlBg time {seoOals)
A-s,S3.ea% iiuises* BeSme alalysls m <sv ârlalyeis
a 3.6*9,17,0 15*9,15*0
'  6 ■ 14.0,14*9 i4.fi, 14*9'
10 17.9 , 18*5" 13*0 , 1 4 .0
12 17.5, 18*5 13*0, 13,5
13 21*0 , ga,o 14.0 , 1 5 .0
14 19,5 , 20*0 15,0 , 15 .0
■ 15 18.5,. 19*0 13.1, 13.5
20 13.0, 14.9 14*5 , 14.5
■ 21 ■ • ■ 12. 0 ,  1 3 .0  I 4. .0 ,  14 .5
22 15*5 , 1 6 .0 14.0 , 15*0
■ as ■ ■ 17.0, 1 8 .6 14,0 ,14*5
' 25' ' 17.5 ,: 18.0 13,0, 13.5
2 8 ’ • 16,0 , 1 7 .0 14,5, 1 5 .0
16.pa 14,06
e»)!)sm«*:30iî*=sS*=i®i'-=*o—ï*»**=^»“ !*f=^™#^’* .¥ S Ï . 'n s Æ ï* s w = w s * f c n 4 ï i* « ^
S,B# . . , ±2,402 ±0*625
Salisse .o0atajel 13*5, 14.O 13.5, 14*0
E ffect of wime ( f i r s t )  post#ope%t#"e day in  the
thrombin d o t t in g  time of Wmml piasiim# # e  d o t t in g  time# 
m% add ition  of thrombih^, of a  standard plasma mixed I I I  
w ith wime from each p a tien t i s  shorn* Buplloate assays 
were made-before and a f te r  d ia ly s is  of thé w in e  •samples» 
Mean va lu es  f. s tandard  d e v ia t lo m  $ and o l o t t i r g  t im es when 
saiino  was su bstitu ted  f o r  w in e  „are a lso  shown»
Table 77». Transuretîieal prostatoctojfy s e r i e s c o n t r o l
p a tien ts  I plasminogen and fibrinogen  leve ls  
and thrombin c lo tt in g  times#
P atien t Haeminogen B'ibrinogen ThrOBibin
Itab e r (inaits/ml*) ,(mg»/lOD ml#) Time (seeonD.s)
1 2*4 245 10.0
3 2,5 297 10.5
4 2*6 310 9 .5
5 2.5 262 11.0
7 2.7 316 10.0
8 2*4 295 11.9
9 2.6 875 9 .5
11 2 .5 298 10.0
16 2.2 220 12*0
17 2.9 318 11.0
18 2 .7 9 .0
19 2.8 424 10,5
24 2.2 2X5 11.0
26 2 .3 362 11.5
27 2*5 398 10,0
Mean 2 .5 299.7 10,5
1 # F i#  1 'mwTi, mtiw, m»mi
S.D.' $0.2 $59.8 $0*9
Sliowii are plasîiiinogen and fibrinogen lev e ls  ^  and throD#in 
c lo tt in g  times ^  in  plasma sampXcvS taken o f f '4 how s a f te r  
operation# .
f a b le  78,  f r a n s u ra t te a d  prcstateotiX ïy e a r l e s  # E404
t r e a te d  p a t i e n t s  # plasminogen and f lM in o g e n  
. levels p and thrêmbin olotting times, '
P atien t Plaemlnegen Bitelnogan Thrombin
Imiber (unlts/m l#) (mg,/lOQ m l,) Time ($eo0nde)
2 2,? 315 9.5
6 2.4 426 10,0
10 2.?- 242 10.0
' ' ' 2.3 80S 10,0
15 2.9 295 ,:,10.9
14 2,6 294 9*5
IB 2,8 210 11.9
20 2.1 883 : 11.0
21 2 .5 855 11.5
22 2.9 386 9,5
0 2.7 881 10,0
eg 8 .9 870 12,0
28 8.9 50? 9*0
WIean 8.5 287,0 10,3
«rtam w ïTnK aEsl«toï*!W i»î=w *
8.5, ±0.2 ±63,0 ± 0*9
Bhown are plasminogen and fibrinogen levels   ^ and thrombin 
c lo tt in g  tim es, in  plasma samplee taken o ff 4 hours 
a f te r  operation.
fab le  T9# Supraimbio p ro sta tec tm y  ep riesi c l in ic a l  data#
P a t ie n t
number Age
m B #M Blood ^eeeeure ( ]#»% #)
u
im/lOütü,) (m.Aoo ml.) gyatoS M^ tollo
Wt# o f  




1 65 15*9 16 125 85 25
5 74 13*5 .16 160 100 39
8 74 9*5 42 110 65 24
3 64 14*3 12 110 80 32
11 57 15.9 15 170 90 71
13 64 16.9 14 170 110 30
14 70 I615 15 180 95 126
16 66 I6 .4 14 130 80 60
17 61 I4-9 12 135 85 74
18 66 14 .6 17 140 80 89
2 aa ■ 17*5 17 163 95 110
3 60 15*5 15 115 70 86
4 75 11.6 28 145 95 71
6 75 13*5 14 180 110 24
7 72 IS.O 13 140 80 35
10 70 14.3 13 135 85 145
IS 78 15.9 18 145 90 56
15 68 16.7 19 160 95 49
19 59 14.4 17 130 80 46
S h o w  are a g e ,  m â  p r e - # 0ra tiv e  haemoglobin ( # ) ^  blood urea nitrogen (Bill) 
and blood preeoure levels# Wel#it of p ro s ta tic  tiaeixe removed ia  a lso  
Aoim fo r  each patient#
M Measurememte m#e by medical emd laboratory s ta f f  of Barnes and 
Jewish HOEpitais#
f a b le  80# B uppapuib io  p ro a ta te o to m y  s e r ie s :  xwim v o lu m e s .
V o lu m e A i t r e e T ^  
fetieiit S^' after %eratlea
II. ill.Ml " H i .  'Ilill II 1 .4 »  .Lil 1 ■■
X 8*3 6.7 3 .9 3.35 3.1
5 11*5 10.0 8 ,7 5.5 4*4*
8 10.0 5.11 3.25 3.0 8,9
9 7*2 4.85 3.8 3 .3 8.95
12. 4*&5 3.53 2.95 2,85 3.05
13 25-5 3.65 4.75 4 .3 4.0
14 29*0 5*6 4.95 4,25 4 .0
3.6 6,1 3.85 3*6 3.1 8.9
17 16.0 10.0 5.7 3.75 2.95
18 Iff. 5 4.45 3 .1 2.95 8.6
g 135.0 14*5 7*6 3.1 3.3
3 27.0 23.0 8.3 3,15 3.35
4 21.5 4.85 3.45 2.85 5.0
6 31.5 17.0 7.8 4.15 5.05
T 29*5 12,5 5.45 4.2 3.4
10 92.0 4.65 3,8 4.1 4.75
as 75.0 26*0 8*2 6.5 2.8
15 55.0 7.7 4.35 3.85 2.8
19 49.0 17 .0 6,5 5.35 3.1
OomMned volumes of drainage (per ‘watliraia and Buprapubio) anâ 
eluate from dreosings» for each day after operation#
fabXe 61# Btîpmpubio proatatectoiïy Beriesi u rinary  haemoglobin 
G ©nceïitr ation#
Oonoentmtion of Immoglobin (mg./ml# )
P a t ie n t
tomber Day a f te r  Operation











1.061 1*04.7 0.799 0.572 0,410
1.150 0.863 0*625 0*711 0.458
0.970 0.794 1.120 1,071 0.766
0.753 0.982 0*629 0*343 0.301
0,690 0*591 0*552 0*424 0.280
1*040 0*428 O.6O3 0.290 0.133
1*236 1.076 1.179 1*050 0,409
0.745 0.800 0.778 0*407 0.290
0.888 0.881 0,645 0*504 0.301
0.787 0.737 0,625 0.565 0.423
0.708 0.637 0,711 0.823 0.758
0.782 0,823 0.497 0.940 0.328
0.781 0*478 0.557 0,463 0.298
0.778 0*54-1 0.680 0.685 0.220
0,633 1.700 0,296 0.209 0.804
0.714 0,428 1.315 1.132 0.570
0.552 0,178 0,152 ■ 0*146* 0.245
0.891 0.676 ■ O.7I8 0,758 ' 0.774










Shown fo r  each p a tien t la  d a ily  ooneemtratlon of liaemogiobin in  
pooled dralïïage (per wetlnaam aM sitps^apubio) and eltiate from 
dressing's#
Table 82# Suprambio proatatéoton^ se rie s  ; pcat-operative url^mry 
haemoglobin le ss#
tomber
Blood la a s  (gm# haemoglobin)
B a y f  otad g, Days 1-51 8 3 4 5
X 8.806 7.014 3.116 1.916 1,271 22.183
5 13.285 0,630 5.438 3.911 2.015 33.219
8 9.700 4.057 3.640 3.231 2.281 82.831
9 5.422 4.763 2.013 1,132 0,088 14.818
11 3.209 8.090 1.620 1.208 0.854 0.997
13 26,52 1.562 8,864 1.247 0.332 52.723
14 35.844 6.086 5.036 4.463 1.956 54.125
16 4.545 3.030 2,801 1.262 0.841 12.529
17 14.208 8.010 3.677 1.890 1.124 29.709
18 8.264 3.880 1.938 1.667 1.100 16.249
a 95.580 9.237 5.404 2.551 2.501 115.273
3 21.114 18.989 4*123 2.961 1.079 48.20s
4 16.792 2.310 1.922 1.320 0.876 23.22a
6 84.507 9.197 5.304 8.843 0.671 42.522
7 18.674 2.125 1.613 0,878 0.273 23.563
10 66.402 19.902 4.997 4.641 2.706 98.668
12 40,296 4,628 1.246 0.949 0,674 47.793
15 47.223 5.205 3.123 2.918 8.167 60.636
19 36.114 12,610 4.479 1.970 1.060 56.263
Shorn fo r  each p a tien t la  da ily  post-operative blood W m  mid to ta l  
blood loss fo r  the 5 day period of obaorvation (Bata oaloulated from 
tab les 80 and 81)# The ré su lta  are also  oho?® in  figu re  26#
fable 83» Gontrbl of w l m r y  bleed loss with H4G4 in a 
p a tien t with blood loss a f te r  prostateatoiiy#
Bay
l a te  of 
Hb# 1088 
i n  u r in e  
(g m # /^4 .to *
Urine
Volume
U r i im y
Hb#0oua#
(ml.)
1 . 90Gb _ 5.680 8 35.66
2 1920 0,156 0.299
3 . 1670 0.097 ■::0.l6a
4 1380 0 0
5 1460 0 "0
6 1800 0*077 0,138
? 1770 0.374 0.662
8 iseo 8.071 0.119
9 6900 2.540 m 17.53
10 , 1730 1 .640
il . 1940 0.747 1.449
12 8110 0*502 1.059
13 . 1900 0.285 0.538
14. . 1360 0,382 0.520
M ts i ls  of minoagr blood lose im p a tien t 1$ chapter 12, 
The d a ta  a re  g ra p h io a l ly  d isp lay ed  in  f ig u re  28#
3i D ilu ted  1 « 9 b efo re  aeeay,
Table 84* Imemoglpfbin lose in  a p a tien t xTltli prolonged
bleeding afteiypr.GstateotOKy, trea ted  w;lth EAGA#
}|ato of
Bb#lose 
(É>ja#yÎ24te e * )

























































13,300 7*74 (a) 102.9 102.9
1 ,460 1.397 2.04 2,88
6,400 6.16 (r) 39.42 41* 04
4 ,700 2.84 (%; 13.55 16*033,670 0.955 3.504 3 .5 0' 910 0*604 0.550 1.101,580 0,758 1,200 1.20
1,600 0,657 1.051 1.05
1 ,650 0*697 1.150 1.15
2,420 2*440 (1 ) 5.905 5*91
2,930 4*780 (1) 14.01 28.02
1,920 1*484 (c) 2,849 5*70
1,920 1.146 2*200 2.20
1,760 0,744 1.309 1.311,880 0*702 1.320 1.321,510 0*048 1.280 1.281,880 0.686 1.290 1.29
2,710 2.260 (c) 6.12 6.12
4,900 3.368 (l) 16.50 53*005,200 3.460 h) 18.0 18.0
2,950 1.706 (0 ) 5.157 5.161,810 1.658 (0) 3.000 3.00
1,790 1.005 1*800 1.80
870 0*092 0.080 0.16
650 0.097 0.063 0.13680 0.266 0*181 0.36
■ 520 0.823 0,428 0.86
670 0,198 0*133 0.27
750 0.063 0.046 0.092
610 0.071 0.043 0.036
1,660 0*055 0.091 0.182
M» 0*030 4 P
   — — — r " \     '  -■-- Y - - - . — -T  - - - - - - - - - - - - - - - - - - r -       ,  '  Ti I'lf i T i r  - i  r— T  T -II ' r  i n i  r  i « , n
Slmm are u rine  volmieo # and urine Imemoglobin oonoentration and 
content fo r  p a tien t 2 ( eba.pte r 12) with prolonged haemiaturia a f te r  
proetateofoigy* Tlie data are graphically  displayed in  figu re  30# 
See a lso  tab le  85#
a) Ditefeed 1:9 before assay#
b) 3)iluted 1$3 before assay#
(o) D iluted 1:1 before assay#
TabXo 85# SAGA dosage in  a  p a tien t t^lth prolonged
:lng a f t e r  prostatectomy#
fT ,*m etW e»wuilew=*if™ W l® 4"eiate«îfl|B i‘i» iH * '» F W * * ï* T i, ï* := * î! ie !« 6 = »




3 ?4 Ml Ml4 16 12 174-5 24 50 505«6 24 15 156»7 24 12 127*8 24 6 68-9 24 6 69*10 24 3 310 8 1 311 24 Ml MX12 12 Ml MX12*15 20 16,5 2013-14 28 7 614-13 36 4.5 3
16-17 36 3 217 12 ■ Ml mi18 . 24 Ml Mil19 18 Ml Mil19-20 24 16 1620*21 24 12 1221-22 24 6 6
22-23 84 4 423-24 24 3 324-25 24 2 225-86 36 4.5 327-34 -*# # 335 12 1.5 335-30 72 6 238-39 36 1.5 X#039*44- m 0#5
D etails of %GA dosage in  p a tien t 2 (chapter 12) with 
prolonged haematùria a f te r  pa?ostatectoay# The 
are  displayed graphically  in  figu re  gO. Bee aleo 
tab le  04*
fabl© 86# lirlnary haemoglobin Xmn and M0A doàage in  a
p a t i e n t  w ith  prolonged h leediiig  . a f t #  p roB ta tee tony .
iPiais ïïriïie ïïîîiîiSEy lîat® of BAO.&
Bar Ifatew al Tolrans Hb* Hb.loss dosageOQÏlGa in  urine ra te
(îiom's) (ml.) (mg,/ml, ) (®B./a4tes* )!4tw*M9in2fl#*NÉWfhsaêate<ai«i*frtyitei9rue^ (gai/apr
a ■ 12 1530 0,462 M 4.474
8#*9 24 1770 0,295 0,522 20
9-10 24 1980 0.089 0.171
10 18 660 0,058 0,076 *#
11 84 8810 0.926 2.602
*i O i 12 §m 0.858 5.302 m»Xd / 12 890 0.223 0.400 22
13 j 1812 1850 0,087 0.161 6
18 670 0.150 0,200 Ôf 4 .? 12 960 0.625 1.200
■JK ( 12 780 0,229 0.33013 ^ 18 780 0.084 0,132 xj
16 24 1440 0,087 0.125 6# 24 1700 0 0 6
18 9 1650 0 0 6
18-19 24 2710 0.720 1.951 n
19 15 1380 0.109 0.240 6
80 24 1390 0.130 0.181 6Si 24 1450 0.069 0,101 6
82 24 1780 0.058 0,100 6
23 24 1610 0,063 0.101 624. 24 1800 0,056 0,101 625 24 1710 0 0
:L#jfÿ#ï L«M#qe#Kwv5im(wl:vW!wi# ' ,inriw rniiW*»ftL.in*i
D étails  Of w im x y  blood lo$$ and iâOA dosafo in  p a tien t 3 (chapter 12)  ^
with prolonged bleeding a f te r  prostateatoiy# The data  are also  shown 
in  figu re  31#
m Diluted 1#1 before aeeay<
fab le  87# U rim ry MàDà qpntént a #  a c tiv ity  im a  p a tien t M th  réna l
caroimoma and ïm0matwia$ trea te d  with -BAGA»
' Uroïcimse
Day o f  ...... .............. .................  ^4'
observa tion  _ ou tput
(mg#/ml#} (M olarity) - (gm# ) '
0 # e  of
(xËié
A c tiv i ty
oonq* . per 24 hra^ 
(Units/ml* ) (Unite z  10^
r>*ii»f iii'f»im»v~>FTinTiri r r i i f  im n # i  w rm  i i T T i r - r m n — Y —'-rrri" i i i i r i “'^ i ^ 'n m i V - i i — n - 'iT i r ^ r T " " T ' -'T 'r '" '' --------- -----------------------il~'"i— r-^-~-'iY 'V~~TT~Tr~'T~‘t r r ‘ ‘f^rTr'-^~i'~r'~'— — " i" " — ' ' T " “ ’" ‘*""*r ' r —i— 1T
1 ** 272 (13(f) 18.9 55.15
a # m 170 (111*)- 18.3 38.98
3 •*w *# 156 (13gf) 13.8 30.18
4 2.91 2,2al0”® 4.802 0 (133^ ) 0 0
5 1.03 7.9xlV^ 1.936 0 (134®)' 0 0
6 0.14 1.07310.0“^ 0,281 176 (135“)' 8.6 17.28
1 0.028 2*14asl0‘"^ 0,055 130 (136®) 12.2 23.91
8 0 0 0 165 (137*) 21.5 32.04
9 «1# # 132 (138®) 15.5 28.06
10 <# •# 156 (139*) 20.3 35.93
Show® are  BA0A content and- nrokiimee a c tiv i ty  in  p a tien t 4 (chapter 12)* with 
haematuria due to  ren a l carcinoma# Thé data  are  a lso  shown in  figu re  32#
m Standard urokinase d ilu tio n  curve number (tab le  4^)#
Table 08* haemoglobin lops im a  p a tien t with
ren a l oarcinom  an# liaem turia* trea te d  
w ith  mOA#
Urine Haemoglobin
Day of . Volume , oono# 
obeervatiom (ml#) (m g#/#») 24 h r s .  /gm#)
1 1660 0.834 1.55
2 2130 0.820 1 .3 2
3 1910 0.974 1.86
■ 4 1650 0.184 0.27
5 1880 0*097 0,18
6 80L0 0.289 0,54
7 i960 0,853 1 .24
8 1490 1.174 1.75
9 1810 1.077 1.95
10 1770 0.932 1.65
Shorn are  iirin® volumes and ■orlnary haemoglo'bin ooBceEtration 
and oosïtent in  p a tien t 4# (chapter 12)* w ith haomatmia due 
to  ren a l oareimmm# The data  are bI bq elioirn in. fig u re  32#
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STANDARD METHODS
T h ro m b in  c lo ttin g  t im e
T h e  m e th o d  d e s c r ib e d  i s  th a t  o£ F l e t c h e r  e t  a l .
(1959)*
To 0 . 1 m l .  p la s m a  is  added  0. 3 m l .  of the  " th ro m b in  
t i t r a t io n  m ix tu r e "  of S e e g e r s  and S m ith  (1942). T h is  
i s  m a d e  up w ith  6 m l .  s a l in e ,  1 m l ,  t r i s  b u f fe r ,  0 . 1 
M o la r ,  pH 7 .5 ,  Z m l ,  0 .7  p e r  cen t c a lc iu m  c h lo r id e  
and  2 m l ,  15 p e r  cen t a c a c ia  so lu tio n . T he c lo ttin g
t im e  of the  p la s m a  w ith  " th ro m b in  t i t r a t io n  m ix tu re  
i s  e s t im a te d  at 37^C 
10 N . I .H .  u n i t s / m l .
a f te r  add ition  of 0 .1  m l .  th ro m b in ,
F l e t c h e r ,  A . P . ,  A lk ja e r s ig ,  N. , S h e r r y ,  S . (1959),
J .  d i n . I n v e s t ,  , 3 8 , 1096.
S e e g e r s ,  W .H . ,  S m ith ,  H . P .  (1942), A m e r . J .  P h y s i o l . , 
137, 348.
F ib r in o g e n  a s s a y
T he  m e th o d  d e s c r ib e d  is  th a t  of R atnoff and  M enzie  
(1951) a s  m o d if ie d  by A lk ja e r s ig  (I960). In  th is  a s s a y  
f ib r in o g e n  i s  c lo t te d  w ith  th ro m b in ;  the  f ib r in  so f o rm e d  
i s /
A2
i s  h y d ro ly s e d  w ith  so d iu m  h y d ro x id e  and the ty r o s in e  
r e l e a s e d  is  e s t im a te d  c o l o u r im e t r i c a l l y , A c o n s ta n t  
p ro p o r t io n  of ty r o s in e  in  the  f ib r in o g e n  m o le c u le  is  
a s s u m e d  (1 :1 1 .7 ) ,
In a  15 m l .  t e s t  tube a r e  p la c e d  " 0 .2  m l . "  g la s s  
b ead s  (d ia m e te r  0. 15 m m . ) ,  6 .0  m l .  s a l in e ,  0 . 1 m l .  
th ro m b in  so lu t io n , 100 N . I .H .  u n i t s / m l . , 0 .2  m l.
2 .5%  c a lc iu m  c h lo r id e  and 0 .2  m l .  p la s m a .  The 
tube i s  sh a k en  but no t in v e r te d  and  the  f ib r in  is  caugh t 
up on the  g la s s  b e a d s .  A f te r  s tand ing  fo r  1 h o u r  a t  
4 P C  th e  tube  is  sh a k en  ag a in  and  c e n tr i fu g e d  fo r  10 
m in s .  a t 2, 000 r . p . m .  The g la s s  b ea d s  and  a d h e re n t  
f ib r in  a r e  w a sh e d  3 t im e s  w ith  s a l in e .  A f te r  f in a l  
c e n tr i fu g a t io n  and d é c a n ta t io n  of the  w ash ing  f lu id ,
0 .4  m l .  10 p e r  cen t so d iu m  h y d ro x id e  is  added  and  
the  tube b o ile d  in  a  w a te r  b a th  fo r  20 m in u te s .  A f te r  
cooling  to  ro o m  t e m p e r a tu r e ,  0 .6  m l .  5 p e r  ce n t 
t r i c h l o r a c e t i c  ac id ,  2 m l .  0 .5  N so d iu m  h y d ro x id e  and 
0 .6  m l .  d ilu te  (1:2) F o l in  C io c a l te u  re a g e n t  a r e  added . 
A f te r  s tand ing  fo r  15 m in u te s  fo r  co lo u r  d ev e lo p m e n t,  
Ojptical d e n s i ty  a t 650 m p is  r e a d  a g a in s t  a  r e a g e n t  
b lank . R e ad in g s  a r e  c o n v e r te d  to  f ib r in o g e n  c o n c e n ­
t r a t io n ,  m g . /  100 m l . ,  f ro m  a  s ta n d a rd e d  ty ro s in e  c u rv e .
A lk ja e r s ig ,  N. , ( i9 6 0 ) ,  ir^ N I .H .  C o n fe re n c e  on
T h ro m b o ly t ic  A g e n ts ,  e d s .  R o b e r t s ,  H . R . ,  G e ra ty ,  
J . D .  ; U n iv e r s i ty  of N o r th  C a ro l in a  P r e s s ,  C h ap e l H ill ,  
p . 316.
R a tno ff/
A3
K atnoff , MenaiCs C . (1951), J* L a b ,  d i n ,  M e d . ,
37, 316,
P la s m in o g e n  a s s a y
T h e  m e th o d  u s e d  w as the  c a se in o ly t ic  a s s a y  of 
R e m m e r t  and C ohen  (1949) a s  m o d if ie d  by A lk ja e x s ig  
e t  a i ,  (1959b), A n tip la sm in  is  f i r s t  d e s t ro y e d  by 
in c u b a tin g  the  p la s m a  w ith  ac id .  T he a c id  i s  n e u t r a l ­
i s e d  w ith  a lk a l i  and  b u f fe r ,  and  s t r e p to k in a s e  i s  then  
ad d ed  to  c o n v e r t  th e  p la s m in o g e n  to p la s m in .  The 
p la s m in  so p ro d u c e d  i s  a s s a y e d  by a  c a s e in o ly t ic  
te c h n iq u e ,  th e  am oun t of ty ro s in e  r e l e a s e d  f r o m  the 
c a s e in  be ing  a  m e a s u r e  of th e  am o u n t of p la s m in  p r e s e n t .  
T he  c a s e in  so lu tio n  u s e d  i s  p r e p a r e d  by bo iling  
f o r  20 m in u te s  25 g m . c a s e in  ( " H a m m a r s te n ' ' q u a l i ty .  
N u tr i t io n a l  B io c h e m ic a ls  C o rp o ra t io n ,  C lev e la n d ,
Ohio) in  500 m l .  p h o sp h a te  b u f fe r ,  0, 1 M o la r ,  pH
7 ,6 ,  T he so lu tio n  i s  f i l t e r e d  w hile  ho t and a f te r  cooling ,
th e  pH is  r e a d ju s te d  to  7 .6 ,
To 0 , 5 m l .  p la s m a  is  added  0, 5 m l .  1/ 6 N h y d ro ­
c h lo r ic  a c id .  A f te r  s tand ing  f o r  15 m in u te s  a t  ro o m  
te m p e r a tu r e  to  d e s t ro y  a n t ip la s m in ,  0 ,5  m l .  1 /6  N 
so d iu m  h y d ro x id e  i s  added , fo llow ed  by 1 .0  m l , p h o s ­
p h a te  b u f fe r ,  0*1 M o la r ,  pH 7 .6 ,  0 .5  m l . s t r e p to k in a s e  
so lu t io n  2 ,0 0 0  u n i t s / m l .  (V a r id a s e  -  L e d e r le ) ,  and 
2 .0  m l .  5 p e r  cen t c a s e in  so lu t io n . A f te r  ad d it io n  of 
c a s e in  th e  a s s a y  m ix tu re  is  in c u b a te d  at 37^C fo r  62 
m in u te s /
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m in u te s ,  A t 2 m in u te s  and 62 m in u te s  2 m l ,  a l iq u o ts  
a r e  ta k e n  and to e a ch  is  added  2 m l.  10 p e r  cen t 
t r i c h l o r a c e t i c  a c id .  A f te r  c e n tr ifu g a tio n  (2000 r . p . m ,  
fo r  10 m in u te s )  1 m l .  of the  s u p e rn a ta n t  i s  ad d ed  to 
5 m l .  0 . 5 N so d iu m  h y d ro x id e  and  1. 5 m l .  5 p e r  cen t 
t r i c h l o r a c e t i c  ac id ,  fo llow ed  by 1 .5  m l .  d ilu te  ( l ;2 )
F o l in  C io c a i te u  r e a g e n t .  A f te r  s tand ing  fo r  15 m in u te s  
f o r  c o lo u r  d ev e lo p m e n t,  the  o p tic a l  d en s i ty  of the  62 
m in u te  sa m p le  i s  r e a d  a t 650 m p w ith  the  2 m in u te  
s a m p le  a s  b la n k . T y ro s in e  r e l e a s e  i s  r e a d  off a  s ta n d ­
a r d  cu rv e ;  one c a s e in  un it eq u a ls  180 m g . ty r o s in e  
r e l e a s e d  in  1 h o u r .
A lk ja e r s ig ,  H . ,  F l e t c h e r ,  A , P . ,  S h e r r y ,  S . ,  (1959b),
J .  d i n . I n v e s t . , 38 , 1086.
R e m m e r t ,  L . F . ,  C ohen , P . ,  (1949), J . b io l .G h e m ,  ,
181, 431.
A s s a y  of EACA in u r in e  by the  h igh  v o ltag e  e l e c t r o p h o r e s i s  
te ch n iq u e  of S jo e r d s m a  and H anson  
T he m e th o d  c o n s is ts  of iso la t io n  of EACA by h igh  
v o ltag e  p a p e r  e l e c t r o p h o r e s i s ,  d ev e lo p m en t of c o lo u r  
by a  n in h y d r in  and co p p e r  s p r a y ,  e lu tio n  of the  EACA 
bands f r o m  the p a p e r  and  m e a s u r e m e n t  of o p tic a l  d e n s i ty  
in  a  s p e c t r o p h o to m e te r .  The m e th o d  p ro d u c e s  s e p a r ­
a t io n  of EACA f r o m  the  n o rm a l ly  o c c u r r in g  u r in a r y  
am in o  ac id s  w ith  the  ex cep tio n  of a lan in e  (S jo e rd s m a  
and /
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an d  H an so n  1959)» who a lso  found th a t  o v e r  an  EACA 
ra n g e  of 0 to 30 pg , EACA c o n c e n tra t io n s  a r e  p r o ­
p o r t io n a l  to the  o p tic a l  d e n s i ty  of the e lu te d  band  
in  th e  sp e c tro p h o to m e te r*  B e c a u se  of l im i ta t io n  
a s  to  sa m p le  s i s e  (m a x im u m  about 40 p i . )  EACA 
c o n c e n tra t io n  of l e s s  th an  about 2. 5 m g . / 100 m l .  
canno t be a s s a y e d .
R e a g e n ts
(1) B u ffe r  fo r  e l e c t r o p h o r e s i s .  F o r m i c  acid» a c e t ic  
ac id ,  ace tone  and w a te r  in  p ro p o r t io n s  15:10:15:65
v / V» w ith  a f in a l pH of 1 ,2 ,
(2) S p ra y  re a g e n ts  (a) N in h y d rin , 0 .5  p e r  ce n t ,  in  
b u tan o l p re v io u s ly  s a tu r a te d  w ith  a  m ix tu re  of p y r id in e ,  
a c e t ic  a c id  and  w a te r  in  p ro p o r t io n  10:1:95 v / v ,  w ith
a  pH of 6.
(fo) C o p p e r  r e a g e n t ,  p r e p a r e d  by 
m ix in g  a  s a tu r a t e d  so lu t io n  of c u p r ic  n i t r a t e ,  10 p e r  
cen t n i t r i c  a c id ,  w a te r  and  m e th a n o l  in  p ro p o r t io n s  
1:0. 2 :4:95 v / v.
M ethod
The m e th o d  to be d e s c r ib e d  d if fe rs  f r o m  th a t  of 
S jo e r d s m a  and H an se n  in  the  p a p e r  u s e d  (S c h le ic h e r  
and  S ch u e ll  N o. 598 in s t e a d  of W hatm ai: N o. 3) and 
the v o lta g e  (1 ,000  V in s te a d  of 2 ,0 0 0  V).
An E “C h o r iz o n ta l  h igh  v o ltage  a p p a ra tu s  w as  u s e d  
(EC A p p a ra tu s  C o . ,  S w a r th m o re ,  P a . ) .  S am p le  s iz e  
w a s /
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w as  f r o m  5 -  40 p i and  EACA s ta n d a rd s  of 5, 10, 20 
and  30 pg , w e re  ru n  with, e a c h  a s s a y .  S a m p le s  w e re  
ru n  fo r  1 h o u r  a t  1 ,000 V.
On re m o v a l  f r o m  th e  a p p a r a tu s , the  p a p e r  w as  d r ie d  
a t 80^C fo r  1 h o u r .  It w as  th e n  s p ra y e d  w ith  the  
n in h y d r in  r e a g e n t  and  the  co lo u r  deve loped  by h e a tin g  
a t 80^C f o r  30 m in u te s .  The p u rp le  c o lo u r  o b ta in ed  
w as  th en  c o n v e r te d  to  a  m o re  s ta b le  l ig h t  r e d  c o lo u r  by 
sp ra y in g  w ith  th e  co p p e r  r e a g e n t .  The p a p e r  w as  
a l lo w ed  to  d ry  in  a c u r r e n t  of cool a i r .  The EACA 
band , id e n t i f ie d  by r e f e r e n c e  to  the  s ta n d a rd ,  w as 
th e n  cu t out and  e lu te d  fo r  30 m in u te s  w ith  4 m l .  of 
m e th an o l  in  a s to p p e re d  t e s t  tu b e , A c l e a r  p o r t io n  
of the p a p e r  of c o r re sp o n d in g  s iz e  w as  e lu ted  a ls o  and 
u s e d  a s  a  b lank , O p tica l d en s ity  of the unknow n w as 
r e a d  a g a in s t  the  b lan k  a t 508 m p , in  a  B e c k m a n  DU 
s p e c t ro p h o to m e te r .  F r o m  the o p tic a l  d e n s i t ie s  o b ta in ed  
w ith  the  EACA s ta n d a r d s ,  a g ra p h  w as c o n s t ru c te d  and 
f r o m  th is  th e  EACA c o n c e n tra t io n  in  th e  u r in e  s a m p le  
w as  r e a d .  The m e a n  m o la r  ex tin c t io n  co e ff ic ien t of 
EACA t r e a t e d  in  th is  way w as  0, 35.
S jo e r d s m a ,  A , ,  H an so n , A , (1959), A c ta  ch e m . S c a n d . , 
1^, 2150,
E ug lo b u lin  ly s i s  
The f r a c t io n  of p la s m a  w hich  p r e c ip i t a t e s  in  d ilu te  
s o lu t io n s /
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so lu t io n s  at pH 5 ,3  (the eug lobu lin  f ra c t io n )  c o n ta in s  
p la s m in o g e n  a c t iv a to r ,  p la sm in o g e n  and  f ib r in o g e n ,  
bu t a n t ip la s m in  is  l a r g e ly  in  the  su p e rn a ta n t  (M a c fa r la n e  
an d  P i l l i n g ,  1946). If th e  eu g lo b u lin  p r e c ip i t a t e  i s  
r e s u s p e n d e d  and  c lo t te d  w ith  th ro m b in ,  m u ch  s h o r t e r  
ly s i s  t im e s  a r e  found th a n  w ith  the  w hole p la s m a  f r o m  
w hich  th e  eug lobu lin  p r e c ip i t a t e  w as  p r e p a r e d  (for a 
n o r m a l  p la s m a ,  h o u r s  in s t e a d  of d ay s ) ,  T he  te c h n iq u e  
is  t h e r e f o r e  m o r e  co n v en ien t th a n  w hole p la s m a  c lo t 
l y s i s  t im e  d e te rm in a t io n .
M ethod
T he m e th o d  u s e d  w as  th a t  of S h e r r y  e t a l .  ( 1959c). 
The t e s t  is  s e t  up w ith in  30 m in u te s  of w ith d ra w a l  of 
th e  s a m p le ,  w h ich  is  s to r e d  a t  4^C . To 7 .4  m l .  a c e t ic  
a c id ,  pH 5 .3 ,  i s  added  0 .6  m l .  p la .sm a. A f te r  s tand ing  
10 m in u te s  at 4^C , th e  p r e c ip i t a t e  is  c e n tr i fu g e d  down 
a t  2 ,0 0 0  r . p . m .  fo r  10 m in u te s  in  a r e f r i g e r a t e d  c e n ­
t r i f u g e .  The s u p e rn a ta n t  i s  p o u re d  off, the p r e c ip i t a t e  
is  d is s o lv e d  in  0. 7 m l .  b a rb i to n e  b u ffe r  in  0. 9 p e r  cen t 
s a l in e ,  pH 7 ,4 ,  and  c lo t te d  w ith  0, 1 m l .  th ro m b in ,
10 N . I .H .  u n i ts  / m l .  T im e  f o r  c o m p le te  c lo t l y s i s  a t 
37°C is  n o ted .
C a lc u la t io n  of r e s u l t s
R e s u l t s  a r e  e x p r e s s e d  in  a r b i t a r y  u n i t s .  I t  h a s  b ee n  
show n by S h e r r y  and A lk ja e r s ig  (1957) th a t  in  f i b r i n ­
o ly tic  a s s a y s ,  a c t iv i ty  is  a  d i r e c t  fu nc tion  of the  r e ­
c ip ro c a l  of th e  l y s i s  t im e ,  and a c c o rd in g ly  a  lo g a r i th m ic  
p lo t /
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p lo t of l y s i s  t im e s  a g a in s t  u n i ts  of a c t iv i ty  show s a 
l in e a r  r e la t io n s h ip ,  E u g lo b u lin  ly s i s  t im e s  a r e  e x ­
p r e s s e d  in  t e r m s  of a r b i t a r y  u n i ts  of a c t iv i ty  d e r iv e d  
f r o m  su ch  a  p lo t .  A ly s i s  t im e  of 30 m in u te s  i s  a s s ig n e d  
an  a c t iv i ty  of one u n i t ,  and  the  v a lu e s  fo r  o th e r  l y s i s  
t im e s  a r e  o b ta in e d  by d iv id ing  the  ly s i s  t im e s  o b s e rv e d  
in to  30 . N o rm a l  eug lo b u lin  ly s i s  t im e s  a r e  o v e r  300 
m in u te s  ( i . e .  l e e s  th a n  0. 1 unit) and if ly s i s  h a s  no t 
ta k e n  p la c e  the  t e s t  i s  d isc o n t in u e d  a t  300 m in u te s ,  
th e  r e s u l t  be ing  p r e s e n te d  as  " l e s s  th a n  0. 1 u n i t" .
M a c fa r la n e ,  R . G . ,  P i l l in g ,  J , , (1946), L a n c e t ,
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S h e r r y ,  S . ,  A lk ja e r s ig ,  N . , (1957), T h r o m b o s , D ia t h e s .
h a e m o r r h .  (S tu t tg .) ,  2# 264.
S h e r r y ,  S . ,  L in d e m e y e r ,  R . I ,  , F l e t c h e r ,  A . P . ,  
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